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Chamberlain, Secretary of State for the Colonies; to Professor E. Ray Lankester, F.R.S., 
Director of the Natural History Department of the British Museum ; to the British Medical 
dissociation ; to H. E. Major Nathan, R.E., C.M.G., Acting Governor of Sierra Leone ; 
to H. E. Sir Frederic Hodgson, K.C.M.G., Governor of the Gold Coast; to H. E. Sir 
PVilliam MacGregor, M.D., K.C.M.G., Governor of Lagos ; to Colonel Burke, D.S.O., 
Commanding H. M. Forces in Sierra Leone; to Major Norris, D.S.O., and the Officers, 
iJt Batt. fVest India Regiment, Sierra Leone; to Drs. Strachan, Prout, Henderson, 
Renner, Berkeley, and Chalmers, of the fVest Coast; and to Major G. M. Giles, LM.S., 
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The present opportunity has been taken for recording some previous observations on 
the subject made in India by one of the members of the expediti 
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REPORT OF THE MALARIA EXPEDITION 



LIVERPOOL SCHOOL OF TROPICAL MEDICINE 
AND MEDICAL PARASITOLOGY. 



I. PRELIMINARY. 



I. — Introduction. — The Hamamcxbidx are a group of unicellular parasites of the 
red blood-corpuscle, found in man and in certain kinds of monkeys, bats, birds, and, perhaps, 
frogs. The group derives great importance from the fiict that the human species are the 
cause of malarial fever. 

We owe the discovery of these organisms to Laveran, Danilewsky, Koch, and Dionisi ; 
and are indebted to Laveran, Golgi, Romanowsky, MacCallum, and others for our knowledge 
of their life-history and structure within the vertebrate hosts- 
Following upon these discoveries, it remained to ascertain the life-history of the group 
outside these hosts ; but all efforts to cultivate them or to find them in external nature were 
attended at first with failure. In 1883, however, King adduced a number of reasons in 
support of the view that gnats are connected with the propagation of malarial fever [i]. 
Next year Laveran expressed the opinion that the parasites discovered by him may undergo 
further development in gnats [2]. In 1894 Manson independently came to the same con- 
clusion ; chiefly on the ground that some forms of the parasites (gametocytes) emit certain 
motile filaments (microgametes) after the blood containing them is drawn from the host — a 
phenomenon which could be explained only by the theory that the parasites migrate into 
suctorial insects [3, 4]. Koch, Mendini, and Bignami have also adopted the gnat-theory of 
malaria on various grounds [12]. 

Working in India upon Manson's induction, one of us, after numerous negative 
experiments with several species of gnats of the genus Culex, succeeded in cultivating one of 
the human Ha:numoebidx in two species of gnats of the genus Amphths (dappled- winged 
mosquitoes) in 1897 [5]; and next year completed our knowledge of at least one cycle of 
the life-history of this group of parasites by following the development of Hamamoeba relUta 
of birds in gnats of the Culex pipiens type [6], and by communicating the infection from 
diseased to healthy birds by the bite of these insects [7]. This work was confirmed by 
Daniels in 1898-99 [8]. 
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In 1897 MacCallum had already supplied an important feet in the life-history of the 
group by demonstrating the sexual nature of certain forms (gametocytes) of the organisms [9], 

At the end of 189S, Koch and Grassi, Bignami and Bastianelli, almost simultaneously 
confirmed these observations. It was found that in Italy, as in India, the human species develop 
in gnats of the genus Ansphelei ; and the Italian observers finally succeeded in infecting healthy 
human beings by the bite of previously infected insects of this kind [10, ii]. 

The results of these investigations have been accepted by Ray Lankester, Laveran, 
Manson, MetchnikofT, and others; and a fiill history and bibliography of the subject has been 
published by Nuttall [12]. 

To sum up ; although some points of importance still require investigation, it has been 
shown that cenain species of gnats are definitive hosts of the Hxmamcebidie ; that the parasites 
are conveyed from diseased to healthy vertebrates (intermediary hosts) by these insects ; and 
that the definitive hosts of the human parasites are certain species of Anapfieles [Section K']. 

2. Ottjects of the Expedition. — As soon as these facts were ascertained it became 
necessary to enquire whether the discovery could not be turned to practical account for the better 
prevention of malarial fever. The question was theoretically examined at length by one of us 
in February [13], and again in May, 1899 [14]. From an early stage in his investigations in 
India he had noted that, so fiir as his studies then went, gnats of the genus Anapheln sometimes 
appeared to breed only in comparatively small and isolated pools of water — « feet which 
su^ested that in some localities it may be possible to exterminate them without great difficulty. 
Unfortunately his observations had not been exhaustive enough to enable him to speak with 
confidence on the point ; while other students of the subject had not given it sufficient attention. 

Hence the Liverpool School of Tropical Diseases undertook to open a special investigation 
of the question ; and despatched an expedition consisting of ourselves to the West Coast of Africa 
for the purpose. Our objects were as follows :— 

(1.) To find one or more species of insects hospitable to the human Hfemamcebidx; on 
the West Coast of Africa. 

{2.) To study the bionomics of these insects with a view to suggesting better modes of 
prevention of malarial fever than those hitherto known to us. 

It was not proposed that the expedition should remain in Africa for more than a few 
weeks ; and it will therefore be understood that, owing to the short time at our disposal, we were 
obliged to limit our investigations strictly to the matter in hand. 

3. History of the Expedition,— Sierra Leone was selected for the field of the first 
operations. 

The expedition primarily consisted of (i) Major R. Ross, Lecturer in Tropical Medicine, 
University College, Liverpool ; (2) Dr. H. E. Annett, Demonstrator in Tropical Pathology, 
Liverpool School of Tropical Diseases ; and (3) E. E, Austen, Esq., Zoological Department, 
British Museum, 
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We arrived in Freetown, Sierra Leone, on the lOth August, 1899; and speedily 
succeeded in ascertaining that two species of gnats of the genus Anephela found in Freetown are 
hospitable to the huinan Hjemamoebida? [Section III.']. The rest of our time was spent chiefly in 
a study of the bionomics of these insects [Sectien If.] ; and we left Freetown for England on the 
27th September, after seven weeks' stay in the colony. 

Our observations constitute the body of this report ; but before our departure from Sierra 
Leone wc were joined by Dr. Ficlding-Ould, who was despatched by the Committee of the 
School to continue our labours after our return. After we left, Dr. Fieiding-Ould proceeded to 
Accra and Lagos ; and his observations are given separately in the Addenda to this report. 

We were also joined at Freetown by Dr. G. Van Neck from Belgium. Dr. Van Neck 
was unfortunately taken seriously ill shortly after our departure, and did not return until 
December, 

4. Terminology Employed. — As regards the Hxmamoebid:e, we adopt the morpho- 
logical terminology and taxonomic nomenclature already used by one of us in consultation with 
Professor Herdman, F.R.S. [15]. These will be found in the Discussions {paragraph 19] ; where 
we consider the terminology further, and also give a summarj-'of the life-history and classification 
of the parasites. 

As there is no difference between gnats and mosquitoes — the latter term being merely one 
which is popularly employed for gnats in warm countries —and as this confusion tends to maintain 
erroneous notions regarding these insects, we propose to abandon the word mosquito and use in 
preference the old English equivalent gnat. 

The terms malaria and malarial fever are unsound, while paludism is inexact. We may 
therefore venture to suggest the appellations hamamcekiasts or gnat-fever for the disease which is 
the subject of this report. They will at least serve to popularise more correct notions of the 
malady than are implied in the word malaria. 
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II. FREETOWN, and FEVER STATISTICS. 



5. Description of Freetown. — Freetown, the Capital of the Britisli Colony of Sierra 
Leone, is situated approximately in Lat. 8° 30' N., and Long. 13" 15' W,, on the northern shore 
of a mountainous promontory. Close behind the town there is a semicircle of wooded hills rising 
to a height of 3,000 feet above sea-level ; and the town itself lies mostly on areas of level ground 
between them and the sea. The principal houses are built near the wharfs; but from here the 
suburbs reach backward between the spurs of the hills. Few houses of the town proper exist on 
the slopes of the hills ; but numerous separate villages are found in the higher valleys above. 

The soil of Freetown is derived from 
a red latcritc rock ; which lies at little depth, 
and is exposed in many level parts of the 
town, as well as in water-courses, etc. 

The rairiy season lasts from May until 
October. The average annual rainfall is 163 
inches, the average humidity 75.0, and the 

average temperature 80.0' F. [paragraph 6]. , F„et<.«n from Mounl Aureole, looking ™t«jird. Tower 

The citv contained ^0,077 inhabitants ""' '" »■"= " 

at the last census (1891}. The population 
consists mostly of natives (Christians, Mohammedans, Pagan; 
Europeans. 



H Wilberforce Hill ii 



but there is also a colony of 



1. Stmt in Ftcetawn, tbowiaj- ililch at the tiile. 
in the manner of vHhs. As a rule the rooms ; 



Tiic streets are open spaces between 
the houses, generally fringed with grass, un- 
paved, and undrained, except by roadside 
ditches ; but gutters exist in the best part of 
the town, and occasionally elsewhere. Most 
of the streets are sloped, but a few are almost 
level. 

The houses are built mostly of wood, 
or consist of a superstructure of wood on a 
masonry foundation. 1'hcy are often two 
stories high, and are generally divided from 
each other by small open yards and gardens, 
E very small for tropical habitations. 



There is an excellent water-supply brought from the adjac 



t hills 



I pipes. 
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SuH^cc and storm-water drainage is carried mostly in tlic roadside ditcheit, but i' 
torrents on their way to the sea occasionally intereect tlie level areas on which the town is built. 

There is no sewage drainage, nor removal system for night-soil. Deep pits, or rather 
wells, covered by a privy and seat, are employed. It is stated that the old pits are sometimes filled 
up and new ones dug ; but so far as we could judge, dry earth is seldom used, except by the 
Europeans and troops, and the system adopted seems to be a natural kind of uptic-tant system. 

Wells for drinking-water are not generally in use. 

Horses and wheeled traffic are rare. Those who do not walk arc carried bj' native bearers 
in " hammocks." 

The troops, which belong mostly to the West India and West African regiments, arc 
housed much better than ihe civil population. Their barracks are well-built wooden structures, 
placed on the summits of four hills ; namely, on Tower Hill (400 feet), in the middle of the 
town ; on Mount Aureole (800 feet) and Kortright Hill (i,ioo feet), to the cast of the town ; and 
on Wilberforce Hill (600 feet), some distance to the west of the town [pbatagraph 1 and Map /.], 

Civil patients are treated in the large Colonial Hospital, the Incurable Hospitals, Lunatic 
Asylum, etc. Military sick have their own hospitals attached to the several barracks mentioned 
above. 

Mangrove swamps occur in some of the bays and creeks of the shore. 

Collections of water suiuble for the larva of gnats abounded in the town when we were 
there (rainy season). Such collections could be divided into two classes ; namely, (l) collections in 
vessels ; and (2) collections on the ground. The former occurred in tubs, pots, broken bottles, etc., 
in the vicinity of almost all the houses ; the latter chiefly in the roadside ditches and holes in 
rock, and, almost exclusively, on areas of level ground. 

6. Statistics. — It is usually impossible to obtain from statistics any exact information 
regarding the actual number of infections of hxmamoebiasis occurring within a given {^ce and 
period. The reasons for this are^{i) that the vast majority of attacks are not recorded ; (2) that 
a large number of attacks which are recorded must be mere relapses, due to infections acquired 
perhaps long previously and in other localities ; and (3) that the microscope is not generally used 
for exact diagnosis. Similarly the mortality returns are apt to be vitiated, because (i) the infection 
has often been acquired elsewhere ; (2) Europeans are frequently invalided when seriously ill ; 
and (3) deaths of cachectics are often ascribed to immediate causes, such as pneumonia and 
dysentery. 

Military returns, though they are sometimes thought to be more trustworthy, are open to 
tlie same objections. Many soldiers do not come to hospital at all for slight attacks of fever ; 
while others are frequently only "detained" in hospital for brief treatment, without being 
" admitted " — that is, entered in the returns. Thus we were informed of an instance in which 
only one quarter of the cases of fever which came to hospital had been " admitted " and recorded. 

The absolute figures are therefore not trustworthy ; but, by supposing the ratio of error 
to be always constant, we may derive some useful comparative information regarding the amount 
of fever prevalent in different places, and at different seasons. 
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Wc wili content ourselves by giving a table extracted from the work of Major L. M. 
Wilson, R.A.M.C. [16]. The statistics are based on admissions to hospital among the troops in 
Sierra Leone during seven years (1892-98), and on the meteorological returns of the same period. 

Average mmlhly Admission rales among the troops^ and average monthly Rainfall, Humidity^ and 
Temperature in Sierra Leone during seven years ( 



Monlli. 


Averafic a.ltnHi 


n rale per lOoo, 


Rail^fall In 

inchn. 


Humility. 


Average 

Tempera lurt 

in ghiHe. 


Non-Europein. 


European. 


January 


52 


93 


.Bo 


70.2 


8a8 


Februarj- 


47 


99 


.86 


68.3 


81.0 


March 


63 


59 


1.24 


67.7 


81.7 


April 


86 


106 


4-36 


67.3 


81.6 


May 


99 


3JS 


14.08 


75.3 


8a3 


J""<> 


138 


347 


18.63 


77.1 


79.2 


July 


171 


4'3 


33.34 


83.0 


78.3 


August 


116 


281 


38.96 


84.0 


77.7 


September 


9" 


'73 


29.8s 


82.2 


78.8 


October 


67 


121 


14-63 


79.' 


79-4 


November 


72 


125 


S-4I 


7S-0 


80.S 


December 


64 


91 


1.36 


71.9 


B0.7 


Annual 


io;6 


2'34 


163.4' 


75.0 


E0.0 


Judging from these 


figures Wilso 


1 remarks, 


The largest 


number of 


cases occur 



the middle of the rainy season." Though many of the cases recorded in the rains may be 
relapses due to wettings, chills, etc., this can scarcely account for the quadru plication of the 
admissions shown in the table ; and it would therefore appear that the period of fresh infections 
sets in (or at least increases) with the rains, and ceases (or at least diminishes) with them. 

Wilson also thinks that "The white troops suffer more in proponion than the black." 
He gives the annual average death-rate of the white troops from malarial fever at 42.9 per 
milUy as against 5.9 per mille for the black troops. Similarly, he thinks that "Each battalion 
of the West India Regiment suffers exceptionally from fever the first year of its service on 
the coast." Such differences .point rather to variations in immunilyy than t<i variations in 
frequency of infection in the groups concerned. 

It is hardly necessary to compare these statistics of Sierra Leone with similar figures 
for many other stations in the empire ; but it will be instructive to give some ratios taken 
from the Annual Report of the Saniury Commissioner with the Government of India fijr 1897. 

For the whole European Army of India during that year the admissions per mille of 
strength for malarial fever were 420.1 j and the deaths per mille were i.O — far below thg 
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figures for Sierra Leone. But in the most malarious stations the admissions per milk reached 
1500 J and the deaths, 6.0, excluding "remittent fever." 

For the whole Native Army of India the annual admissions per mtlle were 362.8 ; and 
the deaths per mi/ie, 1.7. But in the most malarious stations the admissions reached 2230, 
and the deaths, 6.8 per mille* 

It is obvious that Sierra Leone is much more malarious than India taken as a whole 
is ; though perhaps not much more so than some places in India. 

A study of the Indian statistics shows, moreover, that the admissions for the disease in 
that country have, roughly, the same dependence on rainfall as they have in Sierra Leone — 
that is, of course, not on the total amount of rainfall, but on its seasonal variations. Indeed, 
some of the most malarious military stations in India (Peshawur, Delhi, Lahore, etc.) have a 
small total rainfall. 



i( lent 10 juilge by >l 



Digitized by 



Google 



(8) 



III. H^MAMCEBID^ IN FREETOWN. 

7> The Hacmamoebidx in Intermediary Hosts. — Du^;an studied the human parasites 
of Sierra Leone some years ago [17]. He found only Hamamtnai pnecox (with one exception — a 
case of Hamameeba vivax). Hamammos malarlir was not observed by him. He says " Crescents 
were found in varying numbers in most of tiie cases." His results are based on the study of 
"about 400 cases." 

Our own examinations of the blood of patients were made solely with a view to obtaining 
a basis for further researches as to the deHnitive hosts of the parasites ; and it will be understood 
that we contemplated no morphological or patholc^ical studies. Search was confined almost 
entirely to soldiers, few cases of fever among the civil population being procurable by us for study. 
The barracks at Wilberforce and Tower Hill aflfbrded excellent fields for investigation. It should 
be noted that the men in these barracks belonged to West India regiments — that is, were natives 
of the West Indies who had been serving in Sierra Leone only for a short period. 

The troops at Wilberforce had arrived there some months prfeviously from a very malarious 
part of the colony, and continued to suffer severely from fever. They numbered about 320 men. 
We were informed that out of these no less than 195 men had come to hospital for fever in one 
month (July) ; although, as most of the men were not ill enough for admission, the " admission " 
rate was much lower. We examined the blood of a large number of the men, both in hospital 
and out of it, and estimated that the parasites were to be found in about a quarter of them taken 
at random. The species found were all of those now recognised in most parts of the world. 
H. malaria was the commonest ; but cases of H. vivax and H. pranx also abounded, being 
about equal in number. Cases of double infection were frequently observed. The prevalence of 
the disease was at its height at the time of our arrival, although quinine had been and was being 
sedulously given both for treatment and prophylaxis ; and it was evident that such a number of 
cases could not be attributed alone to relapses, but that fresh infections were occurring at the time. 

At Tower Hill there was much less fever. We attempted no estimate of the number of 
men in whom parasites could be found. Parasites could, however, be easily detected in the 
hospital cases. They belonged almost exclusively to H. pracox ; though two or three cases of 
H. ma/aria and //. vivax were observed. 

There were very few cases among the troops on Mount Aureole and Kortright Hill. Of 
three cases examined in the hospital on Mount Aureole, one contained H. malariit ; another the 
melanin of H, malariie ; while the third was negative on a cursory search. 
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The morpholep of these Hicmamcebida* presented no difierences from the accepted 
standards. One of us has been inclined to admit two varieties of H. vivax, one witli fine light 
brown pigment, and one with fine black pigment. Both were observed in Freetown ; bm the 
latter only in one case. 

We were much struck by the absence or paucity of crescents (gametocytes) in cases of 
//. firtecix. This fact will be discussed later [paragraph 19]. 

We found H. danilewskii of the normal type in a few small birds j but H, rtUeta v/as not 
seen by us. 

We wished to examine the blood of a large number of the civil population in order to 
estimate the percentage of them in which the parasites are to be detected ; but found such an 
investigation impracticable. 

8. Methods for ascertaining: DefinitiTe Hosts- — The long researches of one of us 
in India, followed by those of Koch, Daniels, and the Italian investigators, have given us a very 
exact knowledge of the life-history of the Haemamcebidsc in gnats, and have shown us how to detect 
them in the insects with ease and certainty. It has been noted that in inhospitable species of 
gnats the ingested parasites perish within the stomach cavity ; whereas in hospitable species the 
zygotes escape from that cavity and develop in the tissues, ultimately giving rise to blasts which 
are found in the juices and salivary glands of the insect. Hence to incriminate a given species of 
insect with regard to the human Haemamcebidae, it is necessary only to find the parasites within 
that species. In short, the method to be adopted is precisely that used in ascertaining alternative 
hosts for any other metoxenous parasite, such as Cestodes and Filaridie, for instance. Care only 
is required to determine for certain that the parasites found in the gnats were derived from human 
beings, and not from other vertebrates. It is not necessary actually to infect human beings from 
infected gnats, because the general law that infection can be so produced has already been 
sufficiently established. 

Hence a given species of insect is incriminated simply if we succeed in finding the 
parasites— 

(i) in insects bred from the larva and fed on infected persons. 

(2) in any insects fed on infected persons — provided that the zygotes found in the insects 

are of the proper stage of growth ; or 
{3) in a large percentage of insects caught in a chamber where an infected person lives — 

provided that the circumstances exclude the possibility of the insects having become 

infected from other vertebrates. 

9. Definitive Hosts in Freetown.— Our first object being the search for definitive hosts, 
we propose to record our operations in this connection in some detail. 

For the reasons given in pan^raph 22, suspicion was already strongly excited against all 
species of gnats of the genus Anopheles ; and, accordingly, we began by searching for these insects. 
Two species were found almost at once, under the following circumstances. 
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Dr. Berkeley, medical officer of the Lunatic Asylum at the eastern suburb of Kissy, 
informed us that there had been a small outbreak of fever among the permanent inmates of that 
institution. Three persons had been attacked ; one had died, one had recovered, and one was 
convalescent. He was also good enough to bring us a number of gnats which he had caught 
within the institution. They proved to belong, almost all of them, to AnopheUi ; and were of two 
species, one a small species which we have named A,funt%tusy and the other a larger species called 
yf. coslalh; Loew. The former were by far the more numerous. [Addendum /,, PlaU K} 

The insects brought by Dr. Berkeley were dissected and examined. In one a single 
characteristic zygote containing the melanin of //. vivax was found ; and since the melanin of 
this species is typical of it, it was scarcely open to doubt that the zygote had been derived from 
that human parasite. 

No further positive results, however, were obtained from this locality. No fresh cases of 
fever occurred, while we tailed to find parasites in a large number of the AnopheUs subsequently 
brought from the asylum. It was, however, interesting to observe these insects in the building. 
Large numbers of the smalt species were found gorged with blood and seated asleep in their 
characteristic attitude on the walls. They were most numerous on the ground floor and in the 
sleeping chamber of the inmates — who were not provided with mosquito nets. Few other gnats 
were present. 

In the meantime our attention had been called to the fever so prevalent among the troops 
at Wilberforce, On searching the barracks and hospital we found a considerable number of the 
large variety of AnapheUi^ namely, A. castalis, already observed in small numbers at Kissy. As at 
the asylum, they were seen gorged and asleep in their characteristic attitude on the walls of the 
buildings, especially in dark corners, and were easily captured in test-tubes. Some were so 
excessively gorged that they had been evidently willing to fly only to the nearest part of the walls, 
just over the bed-heads of the soldiers on whom they had been feeding ; and those which were 
at once examined were found to contain human blood — or at least blood microscopically indis- 
tinguishable from human blood. 

The men — of whom about twenty slept without nets in each barrack — complained of being 
bitten by these insects at night, but added that they were occasionally annoyed also during the day, 
especially toward evening. It should be added that no other species of gnat were present within 
the barracks. During our stay in Freetown we must have caught or obtained at least two hundred 
gnats from these buildings, but only in a single case — a Culex — did the captures prove to be other 
than A. ctttalh. We noted also that there were absolutely no vertebrates other tlian human beings 
within or in proximity to the barracks. Cattle, dogs, cats, bats, monkeys were absent, while, 
owing to the buildings having been newly erected, there were not even sparrows, lizards, etc. 

The Anopheles caught by us in test-tubes — almost all of them females which had evidently 
gorged themselves on the men during the preceding night— were reserved for microscopical 
examination. They were kept alive for 48 hours or more, until their meal of blood had been so 
lar digested or voided as to permit an easy examination of the tissues of the stomach } and were 
then killed and dissected— the stomach, the thorax, and the salivary glands being especially 
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scrutinized. During our stay, altc^ther 109 fed female Anspheles caught within the Wilberforce 
Barracks were examined in this manner. 

It has been stated [paragraph 7\ that Hxmamoebida: of all three human species had been 
found in about 25 per cent, of the soldiers at Wilberforce. It was therefore to be expected, if the 
Anopheits caught in the barracks were an hospitable species, that the parasites should be found also 
in a lai^e percentage of these insects. And this proved to be the case. Out of the 109 insects 
examined the parasites were detected in 27. 

The parasites were in all stages of growth ; from the very youngest zygotes, evidently 
derived from the last meal made by the host ; to the mature zygotes derived from previous meals, 
and the blasts lying in the salivary glands ready to produce fresh infections of human beings. We 
even judged it possible, in some of the dissections, to distinguish the different species of the 
parasites by their morpholc^ical characters [paragraph it>]. The following list, giving the serial 
number, and results of examinations of each insect in which the parasites were found (the negative 
insects being omitted) will be instructive : — 

No. +. Three nearly mature zygotes. Species unknown. 

„ 8. One very small zygote, apparently H. malariie, among stomach ceils. 

„ 12. Eight nearly mature zygotes. Species unknown. 

„ 13. Six mature zygotes. Species unknown. 

„ 14. Four very small zygotes, evidently of//, vivax, 

„ 17. Several mature zygotes, one containing melanin, probably of H. vivax. Also 
empty capsules. Salivary glands loaded with blasts in cells and ducts, 

„ 21. Eleven empty capsules (old) attached to stomach. One half-^rown zygote. 
Salivary glands packed with blasts within capsule, cells and ducts. 

„ 23. Eight very small zygotes of H, mataria. 

„ 29. Ten zygotes of H. malaria of 3-4th day. 

„ 31. Several large zygotes. 

„ 32. Empty capsules. Blasts in salivary cells and duct. 

„ 43. Three very young zygotes of H. prtecex. 

„ 56. Four young zygotes of //. vivax. 

„ 57. Two young zygotes of H. malaria. 

„ 5i. Several very young zygotes of /?. ^r^fM. 

„ 62. One medium zygote of H. vivax. 

„ 63. Several nearly mature zygotes, probably H. malaria. 

„ 65. Several smallish zygotes of H. malaria, and one very young one of H. vivax. 

„ 71. Several medium zygotes of H. malaria, 

„ 76. One empty capsule. A few blasts in one lobe of gland. 

„ 79. One medium zygote with dark pigment. 

„ 84. Three mature zygotes, 

„ 89, One empty capsule. No blasts found (poor dissection). 

„ 91. Six mature zygotes. 
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No. 92. Very numerous large zygotes, probably H. malar'ne. 
„ 99. Several empty capsules. Numerous blasts in blood, and a few in cells of salivary 

gland— none in ducts. 
„ 108. One nearly mature zygote. 

It is possible that the parasites may have been overlooked in some of the gnats examined. 
That a lai^er percentage of the gnats should not have been infected, and that more zygotes should 
not have been found in them, was to be expected from the old nature of most of the fever cases 
among the men [paragraph 19\, and from the constant use of quinine by the medical officer. 

The fects obtained, however, removed all possibility of doubt as to A. cestalis being 
hospitable to the human parasites ; and it was no longer necessary to undertake formal feeding 
experiments. Indeed the condition of things found in the Wilberforce Barracks amounted to an 
experiment of this kind being performed by nature herself under our eyes. This was the more 
fortunate as we experienced great difficulties in the way of actually feeding gnats on infected 
persons in a satisfactory manner. Nevertheless a few such experiments were performed. 

On tiie I7tl> August, five small Anaphelei {/f.Junestus) caught at Kissy, were fed on a case 
containing a few H. malari/e. The insects had been naturally fertilized and fed when caught, 
but had been kept for some days until they had digested their meal and had laid their eggs. They 
were then fed again In lesl-lubet on the case referred to, and were kept for another two days before 
being examined. Two yielded bad dissections, and one died before its meal of blood was digested. 
The fourth was negative. The fifth was dissected on the 19th, and was found to contain three 
very young zygotes with pigment identical with that of H. malaria. 

A few days later, one large Amphile {A. caita/ii), also caught by hand and previously 
naturally fertilized, fed, and kept in the same manner as the preceding, was re-fed on the same 
case. Two days afterwards several young zygotes containing the melanin of H. malaria were 
found in it. 

In both these successful experiments the insects concerned belonged to large batches of 
Anepfielts procured from a building where there was no fever ; and numbers of insects of both 
batches had been examined and found free from parasites. Judging from this iuct, and from the 
lizt ef the xygetts feund, there could be no doubt that the latter had been derived from the case of 
H. malaria. It should be carefully noted, however, that both these insects had evidently been 
fertilized before they had been caught, and had indeed each laid a batch of eggs before the 
experiments. 

The military medical authorities now put a stop to our feeding any gnats, except those bred 
from the larva, on their cases. As it took us some weeks to obtain AnophtUs in this manner, and 
as we could then only feed the insects in a very unnatural manner, that is, in tubes, our experi- 
ments in this line were practically arrested. 

Altogether eighteen AnspheUsy mostly of the large variety, all of them bred from the larva, 
and some of them bred from the eggs of Anopheles caught at Wilberforce, were applied in test-tubes 
to the skin of patients containing a few H. pracax (crescents) and H. malaria-, and taking quinine — 
no better cases being available. Being isolated in test-tubes when fed, none of these insects 
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were fertilized, while they could not be induced to feed copiously. All proved negative as regards 
the parasites. As, however, it was already certain that all the insects belonged to hospitable 
species, this result was interesting as tending to show that mllivaiien txptrimenU may fail if net 
pirfirmed uHiier natural conditions. The subject is discussed later Iparagrap/i 20]. 

After our departure, Dr. Fielding-Ould examined numerous AnapktUs caught at Wilber- 
force, and in the houses of natives suflering from fever, and found the parasites in |8 %. His 
observations on CuUx were negative. 

We made no observations on Culex or other insects. 

We conclude that both Anopheles costalis and Anapheles fiinesius are hospitable to the human 
Hxmamoebidz. We think that A. castalis is hospitable to all three of the human species ; and 
A. fitneslus certainly to H. malaria, and probably to H, vivax. But we made no observations 
regarding the connection of the latter with H. pracox. 

10. The Hsemamcebidx in the DefinitiTe Hosts.— The stages of the human parasites 
in Anopheles are essentially the same as those of H. relicta, first described by one of us in a gnat 
of the Culex pipiens type^a &ct already recorded by Koch and the Italian observers. In Plates I., 
n., and III. we give a series of photographs of all these H^mamtcbidx tn the gnat. 

The following small differences between the human species and H. relicia were noted 
by us : — 

(i.) The capsule of the zygotes of the human species is somewhat thinner ; so that the 
youngest zygotes are more difficult to detect, and sometimes rupture under pressure 
of the cover-glass— a thing which rarely happens in H. retlcta. 
(2.) The mature zygotes seem to contain more blasts than do those of H. relicta. 
(3.] The melanin appears to remain longer in the human species. 
(4.) The blasts are shorter and thicker, and less bent and twisted, than those of H. relicia — 

but differences in the strengths of the salt solutions used may account for this. 
(5.) In the human species the blasts tend to lie in the salivary cells in bundles, like bundles 
of faggots, and not irregularly like those of H. relicia — at least this was very 
noticeable in two of the gnats, numbers 17 and 99. 
(6.) Owing to the dilatation of the proximal ends of the salivary ducts in Anopheles, the 

blasts can be more easily distinguished within these channels. 
It is important to note that, though elements like those provisionally called " black spores " 
by one of us were frequently seen in the Freetown Ampheles, they were never detected within the 
capsule of the zygotes [paragraph 24]. 

The young zygotes of H, vivax were always immediately recognisable by the numerous 
minute granules of light brown melanin which they contained. The youngest zygotes were, in 
fact, almost identical in appearance with the mature gametocytes in the human blood. As the 
parasites advance in growth, the melanin seems to decrease in quantity and become slightly paler ; 
but it was sometimes still to be found even in the most mature zygotes — which, moreover, were 
of very large size, and contained very numerous blasts. 
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The zygotes of the other two species conuined fewer ^nd much darker granules. In the 
youngest ones we considered we could distinguish between the melanin of H. malaria and 
that of H. prienx ; the former possessing large and small granules of a dark brown colour, mixed 
together ; the latter possessing only large black granules. 

Our studies were not sufficiently exhaustive to enable us to speak regarding other differ- 
ences noted by the Italian observers. Nor had we time to examine cytological details — a 
thing to be resetted, because the Romanowsky method does not seem to have yet been correctly 
applied to the study of the nuclear changes in the zygotes. We easily noted, however, the 
structures £rst described in H. relicta ; namely, the alveolar, vacuolated appearance of the zygotes; 
the denser chromatoid granules; the division of the parasites into 8 — 12 meres, giving rise to 
spherical blastophores carrying blasts in a manner recalling spermatogenesis ; and the minute 
spJierical enlargements often attached to the immature blasts. We observed also that in the 
human species, as (to a less degree) in H. reihta, zygotes which are little more than half grown, 
often contain apparently mature blasts. 

In several insects many full-sized zygotes appeared not to have ripened — that is, did not 
contain blasts ; although others containing blasts were found associated with them. 
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IV. BIONOMICS OF THE CULICID^ IN FREETOWN. 



II. Differences between Cutex and Aaopbeles.— Our next iuty was to study the 
habits of the inculpated AnophUs with reference to the prevention of gnat-fever. We propose to 
give our bionomical observations here,* and to reserve a description of the insects themselves for 
the Addenda. 

In view of the particular connection which seems to exist between Jnefihriet and gnat- 
fever, it is important to possess information sufficiently simple to enable anyone to distinguish 
between them and the common gnats of genus Cu/ex. Such points of difference have already 
been recorded by one of us as the result of his observations in India [14] ; and we were able to 
assure ourselves that the same differences hold also in Freetown. 

(i). Adults. — The principal zoological dis- 
tinction between AnephtUs and Culex is that the 
palpi of the female are long in the fijrmer and short 
in the latter. But this is of little assisunce to those 
who are not entomologists, and who may not know 
what the palpi arc. Fortunately there is a more 
striking diflerence— one which can be perceived by 
anyone at a glance — in the attitude adopted by the 
respective insects when seated on a wall. In 
Amphelts the axis of the body is almost vertical to 
the wall ; in Culex it is parallel to the wall. Popularly put, the Anopheles may be said to stand 
on its head, with the point of its tail projecting outward ; while the uil of Culex points downward, 
or even a little toward the wall. 

Another noteworthy point of difference is the general shape of the body. In Anopheles the 
head and thorax are comparatively small, while the long palpi are held in contact with the 
proboscis. This gives the insect a peculiarly elegant fusiform shape — like that of a humming-bird 
moth ; while the proboscis looks like a long thick beak. On the other hand, Culex has a thick 
ungainly thorax, and a thin bare proboscis. In short, the appearance of Anopheles suggests that it 
can fly further and more rapidly than Cultx. 

Thirdly, the wings of Anopheles are generally spotted along the anterior edge (to use popular 
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language), while those of Cu/ex are generally plain. There are exceptions to both these 
statements | but the rule holds good in Freetown, and also, according to the observations of one of 
us, in India. 

The eggs of AnopheUi have a peculiar boat-like shape, while those of Culex are oval or 
lanceolar. 

(2.) Larva. — Here too, very fortunately, there is a marked difference. The trachea of 
CuUx terminate in a long buoy-like breathing tube which projects, sometimes to a great length, 
above the tail fins. On the other hand, the tracheie of Anopheles merely terminate just above the 
tail fins, in two apertures which are nearly flush with the back. 

Apparently owing to these facts, the attitude also of the larvsc of the two genera is 
dil^rent : those of Culex, when at rest, hang suspended head downwards by the attachment of 
their breathing tube to the surface of the water ; those of Amphilei float flat on the surface like 
sticks. 

When disturbed, Culex larvae immediately leave the surface and wri^lc to the bottom of 
the water, floating up again a few moments afterwards by the buoyancy of their air-tube. The 
movements of Am^elti larvx are quite different. They move on the surface of the water with a 
few peculiar backward jerks, followed by a pause ; and sink to the bottom only when much 
molested. 

Lastly, Culex larvae live mostly in artificial collections of water, while AmpheUs larvae 
prefer natural collections — a point, however, which requires special consideration. 

12. Breeding Places of Catex. — In Freetown, as in all collections of houses, there are 
to be found in the vicinity of human dwellings innumerable tubs, pots, shards, etc., in which a 
little rain water or household slop water collects. In almost all such in Freetown— -tubs, pots, 
buckets, cisterns, empty oil-tins, biscuit-tins, sardine-tins, gourds, flower-pots, broken pottery, 
crockery, and bottles, even in unbroken bottles thrown uncorked on heaps of refuse — we found 
CuUx larvz. The only condition necessary to their existence appeared to be an ounce or more of 
water preserved from desiccation or leakage. Occasionally, also, the larvje were found in hollows 
in rocks, pools by the side of roads, and even in small runnels of water. Very numerous larvje of 
a gnat of the C. taniatus type were observed in hollows in rocks on the top of Signal Hill (400 
feet], near the Signal Station (occupied] ; also some of the same larvK, in a hole in rock hundreds 
of yards from human habitations. 

Similar facts have been always observed by one of us in India. Drains, ditches, and small 
ponds must be added to the haunts of Culex larvx ; but, as a rule, vessels of water near houses 
appear to be their favourite habitations. 

13. Breeding Places of Aaopheles. — We made a very elaborate search in Freetown 
for Anopheles larva:. Every part of the town shown in a map which was given to us was carefully 
examined ; and wherever a breeding place of Anopheles was observed it was entered on the map 
IM^f II.]. 
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We recorded the following observations : — 

(i.) Anopheles larvje were never found in vessels of water, except in a single instance— a tub, 

(2.) A mangrove swamp fringing a part of the coast (Aberdeen Creek), far from human 
habitations, contained no larva:, although there* were numerous fresh-water pools on the edge of 
the dry land. Small iish abounded in the swamp. 

(3.) Part of a large swamp below Wilberforce Hill, and also one at Kissy, was examined 
by ourselves, assisted by several natives. Water lay to the depth of an inch or two between 
clumps of grass, on a basis of flat rocks. Habitations were distant. No lartse found. 

(4.) Owing to the hilly nature of Freetown there are not many ponds or large pools. Such 
as there are contained no larva: — although in several of them there were no fish. 

(5.) Rapid streams contained no larv:e. 

(6.) Pools left drying after rain in watercourses, or other positions liable to scouring by 
heavy rain, seldom conUined larva: — at least at the season when we were at Freetown. 

(7.) Shallow puddles of rain-water, apt to dry up between the showers, seldom contained 
larva;. 

(8.) Puddles which lasted from shower to shower, but which were not liable to be scoured 
out by heavy rain, generally contained them. 

{9.) Pools on soil or rock fed by water oozing from the ground, and small slow runnels of 
water amongst herbage, usually contained large numbers of larva:— unless liable to scouring. 

Altogether we counted within the 
area of the map about one hundred prin- 
cipal pools containing Anopheles larvs. 

Generally speaking, we found the 
larvK in small permanent pools not liable to 
scouring. We did not find them in vessels, 
evanescent pools, pools liable to scouring, large 
collections of water, and running streams. 

It would appear, then, that the 
larvae require certain conditions, namely, 
security from (i) desiccation, (2) scouring. 
To these should perhaps be added (3) 
securitv from small fish. , a 1,.. ^ *. y ,■ .-,,... 

4. A large AnifMei pool m roadmlir ditth. 

As may be surmised, then, Anopheles pools were not found on sloping ground- where puddles 
either dry up very quickly or are apt to be scoured out by heavy showers. On the other hand 
they were frequently found on level ground. We did not find them on the hills surrounding 
Freetown (though they were probably present in a few places) ; we did find them frequently in 
the flattest and lowest parts of the town. 

The majority of the Anofheles pools were found in the ditches by the side of roads and in 
certain localities where many small streamlets ooze from the basts of the hills after rain. Others 
existed in the course of the newly-made railway. Few were observed in the yards and gardens of 
houses. 
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Most of them contained 
green water-weeds^ and many 
tadpoles and frogs ; but none 
contained fish. 

In size they varied from 
a few square inches in area to 
several square yards. 

It is important to note 
that in no case did we find 
Anophfhs larv3? in pools which, 
though otherwise suitable fi)r 
them, were distant from human 
habitations. We must add, 
however, that we did not ex- 
amine many such, except in 
5. L.rg. M^tM" pool pro.(«ce.i by r,iiv..,y .mlwnkmtnt. ^^c swamps referred to above. 

In considering these facts it is necessary to remember two things. First, Freetown is a 
hilly place with a low subsoil water — circumstances which limit the number of surface puddles of 
all kinds, and especially of permanent stagnant puddles. Secondly, when we carried on these 
investigations it was the height of the rains ; that is, heavy showers usually fell several times a day. 
This, in a hilly country, must act in opposite ways as regards surface pools. It constantly 
replenishes all these pools, but at the same time it constantly scours out those which exist in 
watercourses and on sloped surfaces, A different state of things may prevail as the showers 
become less frequent toward the end of the rains ; the smaller puddles will then tend to dry up 
between the showers, while those formerly subject to scouring may now cease to be so, and may 
become habitable for Anaphelei larvse. Thus we thought it likely that after the rains thej- may be 
found in the numerous pools which will then be left in the beds of the drving-up v 
where, during the rains, they would he swept away. 

Hence it is not advisable to generalize 
too much from these observations, regarding 
either the frequency o^ Anopheles puddles in other 
places, or even in Freetown at other seasons. 
In some places the puddles must be more nume- 
rous ; in others less numerous; while in Free- 
town itself their number and (xisition probably 
cii ingc from season to season. 

14. Distribution of Anopheles in 
Freetown. -Owing to difficulties in the way of 

catching gnats in private houses, we could not 6 c II n f 

make exhaustive studies of the distribution of the 
adults in various parts of the town. The following facts, however, were obser\ 
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(1.) A. costalii was found all over the low-lying areas examined by us. That is, the larva; 
which yielded this species were found in all these areas ; though it was much more difficult to 
obtain the adults. The adults were most numerous in the Wilberforce Barracks (600 feet) ; hut 
were also obtained in other parts of tlie town, as far east as the suburb of Kissy. No adults were 
ever seen in the barracks and officers' quarters on Tower Hill (400 feet) ; although there were 
numerous breeding- poo Is only 500 yards to windward. None were found in the barracks on 
Mount Aureole (900 feet) ; although |x>ols lav all round the base of the hill. 

{2.) A.funeitui was restricted entirely to the eastern part of the town ; we never found a 
larva nor an adult of this species west of Government House. Not one was seen in Wilberforce 
Barracks, where A. costalis was so common. Individuals were caught in a house in the town 
where some cases of fever had occurred ; at Leicester, a village high among the hills ; and at 
some other points. The larvK were common in pools in the eastern quarters, at Kissy, and other 
spots. 

If is curious that while only the large species occurred at Wilberforce, it was almost 
entirely the small species which was found at Kissy. 



15. Bionomics of Anopheles Larvje. -We made the following observ 

(l.) £1^1.- These are boat-shaped, like those oi Anopheles observed in India. They appear 
to be laid singly on water ; but cohere by their ends, forming typical triangular patterns ; and also 
adhere to floating objects, the sides of the vessel, etc. We observed no facts indicating that they 
are ever laid on solid surfaces. In vitro they take about 24 hours to hatch ; but the period is 
probably much shorter in puddles. 

(2.) Duration of larval stage.- This depends on temperature and amount of food. Under 
natural conditions it may probably be only three or four days; but under unfavourable conditions 
(cold, overcrowding, absence of food) it may certainly extend to weeks.* There are reasons for 
thinking that development is much hastened by bright weather, in order to enable the imago to 
hatch out before desiccation of the containing puddle. 

(3.) ^W.— The larvs were frequently watched floating on the surface and feeding on 
filaments of water- weed -amongst which they often entangle themselves. On dissection, the 
intestine was found crammed with these filaments. It was observed that in vitro the larva: 
scarcely grow in size unless they are given large quantities of water-weed- -which they dispose of 
very rapidly. On the other hand, larvK were often caught in puddles in whicli no green 
vegetation could be seen. They may eat other food, but it would seem as if water-weeds 
constitute their favourite diet. It was alsi> noted that thev obtain shelter among these weeds from 
the current ruiming through the pools during or after rain. 

{4.) Enemies. — No observations could be madcuiider this head ; but we oftcJi found many 
frogs and tadpoles in the breeding-|xx>ls, apparently living at peace with the larvw. 

(5-) ^.^"" 0/ desiccation.- —During most of our stay in Freetown heavy showers fell several 

"' One of u> kf|.t CWcr i.nrve alive fur Uo monlhi In a bottle in the toU «e:ilher in In,lii. 
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times a day, so that the larvK could live secure from desiccation in all but the most evanescent 
puddles. In September, however, tliere was a complete break in the rains, lasting three days. A 
large number of the pools, even many of those containing water-weed, and those fed by springs 
during rain, dried up completely. The question whether the larva; had the power of living in 
the mud at the bottom of the pools could now be tested by direct observation. The break in the 
rains was followed by heavy showers, which immediately refilled all the puddles. Had the larva; 
continued to exist in the mud, they would now have emerged again. As regards the puddles in 
which the mud had completely dried, this was not the case. No larvw at all were found in them 
for at least two da)^ after the rain had refilled them. After that interval larva; again appeared ; 
but thev were very small ones, evidently just hatched from the egg. On the other hand, it was 
frequently observed that if the mud did not become completely dry, the larva; would emerge into 
active existence after another shower. These observations were supported by some experiments 
in vitro ; and we therefore conclude that the larva; can withstand partial, though not complete, 
desiccation.* 

(6.) The same puddles eonstantly occupied. — We have su^ested \j>aragraph lo] that the 
position of the breeding pools may change according to the seasons; but while we were in 
Freetown there was no change of season, and we generally found Anopheles larva; in the same 
puddles - namely, in those which were suitable for them. Thus, of two puddles lying close 
together, one would never contain larvae, and the other would always contain them. The 
explanation of this probably is that the larvie perish in the unsuitable pools, or that the adults 
generally return to the same pools in order to lay their eggs. It seems likely that the adults 
generally lay their eggs in the pools in which they themselves were bred ; and that the insects 
thus learn by experience the places most suitable for them. 

(7.) Detection, It is easy to overlook Anopheles larvae unless they are searched for in a 
bright light. 

{8.} Pupic. The pupa; of Anopheles seem to be smaller than those of the commoner 
.species of Culex. They require about 48 hours to reach maturity in vitro ; perhaps less in natural 
conditions. 

16. Bionomics of Adult Anopheles, (1.) Hatching. — 'I'he adults gencrallv hatcli out 
in the evening ; but their exit seems often to depend on the meteorological conditions of the 
moment, and appears to be delayed by rainy and windy weather. 

(2.) Food. They can easily be kept alive in glass cages, test-tubes, bottles, etc. We kept 
some in this manner for a fortnight, and could doubtless have kept them longer if we had wished 
to do so. We were able to confirm Bancroft's statement [18] that gnats feed on bananas ; but 
they seem to prefer the fresh fruit. During the day the insects remained at rest on the walls of 
the cage ; but in the evening began to fly about and to walk over the fruit, plunging their 
proboscis into it in many places, so that the banana was sometimes covered with the gnats, both 
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inalc and female. 'Diuy also drink water frequently, and can often be seen to be distended with 
the fluid. Raw meat was offered to them, but they could not be observed to touch it. Earth 
placed at the bottom of the cage seems to be suitable for them. 

According to the accounts of the soldiers at Wilberforce, they bite almost entirely in the 
evening and night, but have been known to feed on men during the day. They can certainly be 
fed on men artificially during the daytime, simply by placing them in test-tubes and then applying 
the mouth of the tube to the skin. The stomach can be observed to become distended in from 
one to two minutes or more ; after which the insect continues to suck, but commences to 
evacuate by the anus serum containing a small percentage of red corpuscles. CuUx voids only a 
clear fluid under the same circumstances. The insects sometimes continue sucking like leeches 
for five or ten minutes, voiding blood all the while ; but at other times soon withdraw the 
proboscis and then try another spot. It was noted, however, that Anopheles fed in this manner, 
even after they had remained sucking for five or ten minutes, never showed any great distension 
of the abdomen ; while the contents of the stomach still remained for some time transparent and 
red as seen through the scales of the living insect. Moreover, in these cases the meal was 
generally digested or voided within about 24 hours. 

On the other hand, AnopheUi which had fed themselves under natural conditions generally 
presented a very different appearance. They were enormously distended ; while the contents of 
the stomach were thick, opaque, and black, and sometimes did not disappear for three days. 'l"he 
only inference is that, under natural conditions, the insects which can manage to do so gorge 
themselves over and over again during the night — probably from the same subject. 

(3.) Propagation. — We also observed that while naturally-fed gnats invariably laid eggs 
after two or three days, those which had been bred from the larvas in captivity, and had then been 
isolated and fed in test-tubes, never did so, although before being isolated they had long been in 
company with males. The inference is that fertilization lakes place only after the female has 
been fed. 

We noted also that, in a cage where many male and female gnats, both Culex and 
Anopheles, were kept together for weeks, eggs were never laid — ^although the insects were fed as 
described on bananas, and the cage contained water for them to lay their eggs in. It seems, then, 
tliat a meal of blood is necessary before fertilization. 

Lastly, we observed that previously fed and fertilized insects would lay a second batch of 
eggs after a second meal of blood, without a second fertilization ; but never laid a second batch of 
eggs without a second meal of blood. That is, one fertilization suffices for several batches of e^s, 
but one meal of blood for only one batch of eggs. 

These observations are wholly in accord with the results of the prolonged study of many 
kinds of gnats made in India by one of us ; and it therefore seems likely that the following law is 
likely to hold good for the CuHcida which feed on men — at least for the commoner species :- 

Although these gnats can live indefinitely on fruit and perhaps juices of plants, the female 
requires a meal of blood, both for fertilization and for the development of her ova. In other words, 
the insecti need blood fir the propagation of their species. 
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Blood was never found in male Culicidce in Freetown — according with the general law. 
{4.) Haunts.— T\ic large majority of Anopheles caught by us in dwellings were females 
which were generally much gorged, and, if fed at all, were invariably fertilized ; in other words, 
the males and unfed, or only slightly fed, females did not generally remain in the houses during 
the daytime, or if they did remain, kept in the roofi or other dark places where they were little 
observed. On the whole, we think that only those females which are so gorged that they cannot 
fly ftir remain in the houses during the day. We observed that if a cage full of Anopheles was 
disturbed in the daytime, the insects always struggled toward the light as if to fly out from the 
windows ; and several which escaped from the cages actually did so. On one occasion a large 
number escaped from their cage during the night in the rooms occupied by one oi us — none of 
them could be seen next morning. 

Yet we may be quite sure that both the males and the unfed females haunt the houses 
during the night. The invariably fertilized condition of the gorged females caught in the houses 
shows that the males must be present in the houses when the females feed — since the latter arc 
often so much distended after feeding that they are obviously unwilling to fly even a few feet from 
the bed of their victim ; in other words, fertilization must take place within the houses. The 
unfed females must, of course, resort to human habitations during the night in order to obtain their 
food at all. 

These fects would seem to indicate that in Freetown, in the rain)' season, the Anopheles 
resort to the houses during the night, but that all except the gorged females live elsewhere during 
the daytime — possibly sleep in the trees and shrubs. The point is of interest as tending to show 
that large numbers of Anopheles may be present in a dwelling during the night, without it being 
easy to find them during the day. 

It should, however, be added, that in India males and unfed females were often found in 
the houses in large numbers by one of us. Possibly different species have different habits in 
this respect. 

Several old residents of the country informed us that gnats are usually very prevalent in the 
presence of much vegetation^ — especially long grass and undergrowth. Though it is difl^cult to see 
how such can fevour the larva;,' we can understand that much vegetation can shelter the adults of 
certain species, which may even feed on particular kinds of plants when they cannot obtain blood, 
and may consequently find it easier to live where these plants afford them both food and shelter 
than elsewhere. It must also be remembered that gnats can certainly bite birds and other 
mammalia besides man ; and that such are apt to congregate where there is much vegetation. 
On the whole, then, there is nothing improbable in the idea that the Freetown Anopheles should 
live outside the houses in the daytime. 

(5.) Proximity of breeding-pools to houses. The gorged females are, as we observed, always 
fertilized, and must therefore probably lay theit e^ a few days later or perish. We often noticed 
that gravid females kept in dry test-tubes made no attempt to lay eggs unless a drop of water was 
put in — in which case they often deposited their eggs almost at once in the fluid. These 
observations suggest the conclusion that the females must return to water a few days after each 
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meal of blood. As Anophetn larvje were not found in vessels of water close to houses, the only 
inference which remains seems to be that the pregnant females must return, not to any water, but 
to some pool suitable for her oflspring. If such a pool exists close to the house where she obtained 
her meal of blood, her journey need only be a short one ; but if it be at a distance, she must fly 
correspondingly far — and may often be obliged to do so against the wind, or through heavy rain, 
or between trees. 

It is therefore highly probable that, unless they can find animals and birds to feed on, 
Attophelet must seek their food in houses which are as near as possible to their breeding-pools, and 
alsoi-v/w ven^, select pools for their eggs which are as near as possible to the places where they 
obtain their food. In other words, they arc not likely to neglect adjacent houses and pools in 
order to visit more distant ones. Of course many individuals must go astray— must be carried 
away by winds and so on ; but it seems reasonable to expect that, as a rule, the breeding- pools and 
feeding-grounds will be as close together as possible. 

Where necessity compels, however, it is probable that Anophelti do travel considerable 
distances to and fro. This must especially be the case during the dry season, when the pools must 
be much more rare — unless we can show that at that time the surviving adults cease to feed at all 
and " hibernate." 

It is noteworthy that in the Tower Hill barracks we never found Anopheits, although there 
were numerous breeding-pools at a distance of only 500 yards, both to leeward and windward. 
The barracks are situate on a hill only 400 feet above the sea, and are surrounded by open grass, 
over whici) the insects could fly or be carried by the wind ; though it should be added that 
occupied houses intervene between the pools and the barracks. Perhaps the insects are all 
attracted by these houses. The same thing was observed regarding the barracks on Mount 
Aureole. 

The question as to the maximum distance possible between a house and a breeding-pool 
is an important one, but difficult to reply to. The distance will probably depend largely on local 
conditions, prevalent winds, screens of trees, presence of other animals, etc. We must remember 
that while wind may assist the insects going one way, it may equally oppose their return. On 
the whole it appears difficult to imagine that this maximum distance can be very great — more 
than half a mile, for instance ; and certainly we never found Anopheln larvae except in much 
closer proximity to houses. 

Certainly gnats can visit ships lying fairly close to the shore. Dr. Wigglesworth was kind 
enough to give us some gnats which he had caught on board the S.S. Fantet, on the West Coast 
of Africa ; and one of these was an Anepbelei. But it must be remembered that insects blown 
across water are likely to travel much further than on shore — where hilts, trees, and houses 
intervene to afford them rest and shelter. 

If large numbers of Anopbeln are found really far from human habitations, it will be not 
unreasonable to suppose that they can procure other besides human food. Anopheles are known to 
feed on horses and cattle, and may possibly bite other mammals, birds, agd even reptiles. But it 
must be remembered that, in towns and villages at least, men are generally the commonest 
vertebrates present, 
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Owing to their habit of breeding in the vessels of water which generally abound near 
houses, the pregnant females of CuUx need not fly so far to find water suitable for their eggs. It 
is possibly owing to this fact that, to judge by their more clumsy shape, they are less adapted for 
prolonged flight than Ampheln. 

(7.) "Nat attracted hy lamps.- ■ It is often thought that gnats are attracted by lamps and 
candles, and perish in them. They may be attracted to houses by lights burning in the windows; 
but we have never seen them hovering round the flames as moths and other insects do. They 
seem to bite less readily when there is a light in the room. 

{8.} Act af puncture.— On applying Anopheles in test-tubes to the skin we observed thaj the 
insects would sometimes make puncture after puncture without drawing any blood. In such cases 
however, each puncture was invariably followed by the usual weal — showing that the insect 
always commences work by injecting some of its saliva. It therefore follows that an Anepheles may 
inject some of its saliva (possibly containing the blasts of the Haemamcebid*) almost instantaneously 
— that is, before the victim feels the irritation and drives the insect away. 

It is certain that one can be bitten without knowing it — especially during sleep. Thus one 
often finds gorged gnats within the mosquito netting in the morning — -without having been at all 
conscious of their bites during sleep ; and it is therefore probable that those who sleep without 
nets may be much bitten without appreciating the fact. Even the weals often disappear in an 
hour or two ; so that not even the marks of the punctures need necessarily remain until next day. 

One of us thinks that much less irritation is caused if the insect is allowed to suck its fill, 
and has frequently observed the fact on his own person. This may be due to much of the 
irritating saliva having been sucked back during haustellation. 

From several accounts it would appear that Anopheles hover over their victim less than Cuiex 
do, and consequently do not attract his attention so much by humming. 

People often imagine that gnats will not bite them ; but it seems to us impossible to accept 
such statements without sufficient experimental proof. What is more likely to be the case is that 
some persons do not much feel the punctures. The skin of some persons is not very sensitive ; 
ai]d it is moreover possible that immunity may be acquired against the irritation of the injected 
saliva. Thus persons who have recently arrived in the tropics are well known to suffer more than 
old residents. This does not necessarily mean that the latter are less frequently bitten, but, 
possibly, only that they have become comparatively inured to the irritation.* 

17. Btonomical Questions still requiring Investigation- — The facts about gnats 
hitherto collected by no means exhaust the subject. We will indicate some of the more important 
questions which we found it impossible to deal with. 

(i.) Life in the dry season. -Between the rainy seasons many places in the tropics are 
extremely arid and free from pools suitable for Anopheles larva. How then do the insects mmage 
E the species from one rainy season to the other ? We may assume (1) that the larvip 
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may continue to exist in such pools as do remain, the insects multiplying enormously after the first 
showers ; or (2) that the eggs may lie dormant in mud ; or (3} that the adults may " hibernate," 
or at least live on without feeding on blood at all, and conse<]uently laying no eggs. We cannot 
pretend to give an answer to this question. In Italy it appears that the adults hibernate through 
the winter. One of us made an observation tending to show that the eggs can withstand 
desiccation tor several months ; but this requires confirmation. The subject appears to be of great 
imporunce in connection with the prevention of gnat-fever [paragraph 28\. 

(2.) Other suhjecU.—\t is necessary also to examine how ftir Anopheles do or do not exist 
apart from human dwellings ; whether they can breed in other collections of water than those 
mentioned above, as, for instance, in rain-water collected in leaves ; whether they really have any 
connection with rank vegetation ; how fer they can spread from their breeding pools, how fer they 
feed on animals, and so on. 

We must again emphasize the feet that our remarks as to the bionomics of these insects are 
drawn only from our experiences within a limited area of Freetown [^Map II.] in the months of 
August and September. We can make no statements regarding tlieir habits, or the habits of other 
species of AnepheUi, outside this limited area, or at other seasons. 

l8- Source of the Wilberforce Aoopheles.^M an instance of the difficulties which 
may be met with, we may mention that, in spite of repeated efforts, we never succeeded in 
finding the source of the A. cesta/is which were so prevalent in the barracks at Wilberforce. These 
barracks are situated on a ridge 600 feet above sea level, and are surrounded by native houses and 
gardens, and by much rank vegetation. The ground slopes on either side down to the plains. 
Far below to the west (that is, to windward during the rains) there are a marsh and 3 mangrove 
swamp. 

We searched in vain every spot likely to harbour Amphelei larvae ; and even examined the 
distant marsh and mangrove swamp without positive results. After our departure Dr. Fieldiiig- 
Ould and Captain Smith, r.a.m.c, continued the search — equally in vain, except that they found 
larva; in pools 1,500 yards away [Addendum II.]. 

It was often observed, however, that the Anopheles frequented two or three of the barracks 
in preference to the other buildings, and that these barracks were at the end of the block of houses. 
At the same time, the insects were common in the houses of the officers, who lived at that time in 
the village. These facts suggest that their source existed near these buildings, and not at any 
great disunce, and that it was probably overlooked owing to the thick vegetation present. It 
seems very unlikely that such numbers of the insects could come from breeding pools in the 
marshes which lie thousands of yards away in the plain below. 

The fact that so many of them were caught for examination seemed materially to affect 
their numbers ; but we noted that newly-arrived insects invaded the barracks on one, if not more, 
occasions. 
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V. DISCUSSIONS. 

19. Questions regarding the Parasites.— Having recorded our observations in Free- 
town, wc propose next to consider some questions of importance in connection with our subject. 

The life-history of the Haemamcebida; as now known, and as given in the terminology 
previously adopted by one of us in consultation with Professor Herdman [15], is as follows 
[P/atfs /., //., ///., IK] :— 

The youngest parasites exist as amaebula or myxopods within the red blood-corpuscles 
of the vertebrate hosts. On reaching maturity they become either sporecyus, or gametecytff. 

The sporocytes are tiestined for the asexual propagation of the organisms within the 
vertebrate hosts. They give rise by division to spores ; which escape into the plasma, enter 
fresh corpuscles, and in their turn become amoebulie — thus continuing the species indefinitely 
in the blood. 

The gametocytes, however, are sexual forms, male and female- the male containing 
a number of micragamelfs ; the female, one macregamelf. They remain unchanged within the 
vertebrate hosts ; but on being drawn into the stomach of a suctorial insect, perform their 
sexual function. The male gamctocyte emits its microgametcs ; one of which enters a macro- 
gamete and fertilizes it. The fertilized macrogamete is called a zygote. 

If the suctorial insect be a species hospitable to the parasite, the zygote next escapes 
from the contents of the stomach, pierces the wall of the organ, and affixes itself in or on 
the outer coat. Here it grows largely in bulk. Its substance divides into from about eight 
to twelve merts. Each mere becomes a hlaiuphare bearing a large number of filamentous 
hlasti affixed to its surface by one extremity. As growth advances the blastophores disappear, 
leaving the capsule of the Z)'gote packed with the blasts. The capsule now ruptures, allowing 
the blasts to escape into the body-cavity of the insect. From this they work their way into 
the insect's salivary gland ; and finally pass from this gland into the blood of a new vertebrate 
host, in which they eventually become the amcebula: with which the cycle commenced. 

As to terminology — it will be perceived that we use the word " spore " for the asexually- 
produced progeny of the parasites, and the word *' blast " for their sexually-produced progeny. 
Originally, however, neither word possesses such restricted meanings : a " spore " is a single cell 
capable of separating from the parent and of starting by itself a new bion or individual ; while 
" blast " simply means a bud. Considering, however, that the recent demonstration of typical 
sexual functions among the Coccidiidx and Hsmamoebida originates the new case of such 
functions (apart from simple conjugation) among unicellular animals, it may be now justifiable 
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to employ these terms as indicated. We may admit that, strictly speaking, the blasts arc also 
spores, while the spores are, in a sense, also blaste ; but it will certainly be convenient in the 
present case to apply the word spore only to the asexual I y-produced progeny, and the word 
blast only to the sexually-produced pr<^eny. 

Obviously the zygote is the homolt^ue of a fertilized ovum ; and the blasts are homo- 
logues of the cells which spring from the fertilized ovum, and which construct the tissues of 
multicellular organisms. Only, in this case the blasts give rise, not to a cluster of cells, but 
to a cluster of distinct unicellular animals — by a kind of poiyembryony in fact. Hence the 
use of the word " blast " for the progeny of the zygote appears to derive sanction from the homo- 
logous use of the same word in embryol<^'. The word "zygote" seems to be acquiring the 
restricted meaning of the result of union of two similar gametes ; we use it as often applied, 
namely, to express the result of union of any two gametes. 

Of course other terminologies may be preferred by some. Professor Raj' Lankester has 
recently been kind enough to surest terms, which bear the weight of his authority and may 
be liked by many. He su^ests "androspore" and "gynospore". for micn^amete and 
macrogamete respectively — terms certainly much more definite; " gametospore " for zygote; 
" nomospore " for the asexual I y-produced spore; " oudeterospore " for any spore which is not 
differentiated so as to be male or female ; and " gametoklasts " or " gamcto blasts," or even simply 
" iiliform young," for the blasts. 

Manson was the first to interpret rightly the ascertained fiicts about the sexual, propagation 
of the parasites, and his views have been adopted by other writers ; but he has attempted no 
terminology. Grassi and Dionisi use " gamete," " microgametogene "• (for micrt^metocytc), 
and zygote [19]. The term gamete had been previously applied by Sciiaudinn and Siedlecki to 
the case of some of the Coccidiidx. The Italian observers also use the word " sporozooids " 
for the blasts. 

Koch employs simply "spermatozoon" for microgamete [11]. The zygotes he calls 
" spherical bodies (KugelfOrmige Gebilde) " ; the meres, " secondary spheres " j and the blasts, 
" sickle-shaped bodies (Sickelkeimc)," 

The terms " sporozoold " and " sickle-shaped body " surest somewhat doubtful analogies 
with the Coccidiidx. The former term, moreover, is not very intelligible— sporozooids being, in 
fact, spores ; while the so-called spores of the sporozoa are really often sporocysts. Compare also 
Mesnil [20]. 

The simple expressions ovum and sperm may be preferred by many to macrogamete and 
microgamete. Professor Harvey Gibson suggests " oosperm " - -that is, the combined ovum and 
sperm — for zj'gotc. The word " zooid " has been suggested in the place of blast ; but zooid has 
the acquired meaning of a motile cell, and we do not yet know that the blasts are motile. 

A biological point of some interest requires reference. Several writers seem to assume thai 
the zygote in the gnat is the same individual organism as the female gametocyte in the vertebrate 
host — that it is, in short, the fertilized female parasite. This idea receives some support from the 
fiict that the zygote contains the melanin of the gametocyte. On consideration, however, it 
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seems much more likely that the life of the individual gametocytcs, both male and female, ceases 
with the sexual function in the cavity of the insect's stomach, and that at tliat moment the life of a 
new bion — the zygote— begins. The gametocyte and the macrogamete are not identical. The 
former contains the latter. Perhaps this fact is best indicated by the presence of those minute 
spherical appendages, which have long been observed in connection with the parasites after they 
escape from the enclosing corpuscle, and which Professor Herdman suggests may be the 
homologues oi polar bodies. Thus the female gametocyte really contains several cells, only one of 
which, however, reaches full development as a macrogamete. Similarly the male gametocyte 
also contains several cells, only one of which becomes mature and gives rise to the micrc^ametes. 
Hence it is not the female gametocyte, but the pr<^eny of the female gametocyte, which is 
fertilized, and this fertilized progeny constitutes a new individual, which passes its existence in 
the tissues of the gnat. That the macrogamete retains a portion of the tissues (containing the 
melanin) of its parent gametocyte is not inconsistent with biological laws ; but it should be noted 
that, according to Mac Callum, the zygote of one avian species of the Ha:mamc£bida: actually docs 
discard the melanin of the parent gametocyte. 

Hence it would seem that the Hxmamcebidx are organisms which exhibit the phenomenon 
of *' alternation of generations." Their full life-cycle consists of two stages^ — one passed principally 
in the vertebrate host ; the other entirely in the insect host. 

Mannaberg's idea that two or more amoebula^ in one corpuscle conjugate, has found support 
from the observations of one of us in connection with H. relicia. It seems possible that the 
gametocytes are produced by such conjugation. At any rate, it is difficult to understand what else 
but conjugation can happen to two or more amcebulx in this position. 

It is very noteworthy that, while Europeans who come from the West Coast of Africa 
suffering from gnat-fever often contain large numbers of crescents, these bodies could scarcely be 
found at all in Freetown. This experience tallies with the observation of one of us in very 
malarious districts in India [21]. It would seem that gametocytes cease to be produced, at least in 
large numbers, when an infection has lasted a long time—as for instance more than six months or 
a year. This may be explained on the supposition that the number of parasites tends to diminish 
as a case advances, owing to gradual production of partial individual immunity, and that it is 
therefore rare to find two amoebula; in one corpuscle in old infections. Of course, in very 
malarious localities the majority of cases are old infections ; whereas patients who resort to the 
Tropical Ward in Liverpool are generally comparatively recent cases [22]. 

We have used the taxonomical nomenclature previously suggested by one of us [15]. It 
is as follows (inclusive only of the parasites of men and birds) : - 

Family : H^mam(ebid.k, Wasielewski. 

Getius I. Hamameeba, Grassi and Feletti. TJie mature gametocytes arc similar in form 
to the mature sporocytes before the spores have been differentiated. 

Species 1 : Hamamceba danUewsiii, Grassi and Feletti. Syn. : Laverania danilewsku, 
Grassi and Feletti, in part ; Halteridium danilewsk'ii, Labb£ ; etc. Several 
varieties - possibly distinct species. Parasite of pigeons, jays, crows, etc. 
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Species 2 : Hamamteba relkta, Grassi and Feletti. Syn. : Hamamceba relkta + H. iub- 
pracax + H. sublmmacu/ala, Grassi and Feletti ; ProUaioma grasiii, Lahhi ; 
etc. Parasite of sparrows, Urks, etc. 
Species 3 : HiemamKba malaria, Grassi and Feletti. Syn. : Hamamceba lavtrani, 

Labb^, in part. Parasite of qxiartan fever of man. 
Species 4 : Hamamosha vivax, Grassi and Feletti. Syn. : Hxmamoeba laverani, Labb<5, 

ill part. Parasite of tertian fever of man. 
Genus II. Hamomenai, gen. nov. Syn. : Laverania, in part + Hamamceboy in part, 

Grassi and Feletti. The gametocytes have a special form (crescentic). 

Species : Hamamenas pracox, Grassi and Feletti. Syn. : Hiemamceba prcecox + H. 

immaculata + Laverania maiariir, Grassi and Feletti ; Htemamoeba 

laveraniy Labb^, in part ; etc. Several varieties— possibly distinct species. 

Parasite of the irregular, remittent, pernicious or a;stivo-autumnal fever of 

man. 

The gametocytes of H, danilewskii are crescentic, but they arc still shaped like the 

sporocytes (which are also crescentic) — the shape of both being simply determined by the 

exigencies of space within the corpuscle. There appears, then, to be no sufHcieni reason for 

separating this species from the others of genus Hamamieba, in which the gametocytes and 

sporocytes have the same shape. On the other hand, Hiemomenas preecex is sliarply distinguislieil 

by the gametocytes having a peculiar form of their own. Much confusion has been caused by 

the belief of Grassi and Feletti, who first named these organisms with precision, that the 

gametocytes of H. priecox are a separate species, akin to H. danilewsk'n—hoih being placed by 

them in a separate genus, Lavtrania. This belief they have now abandoned \ and it therefore 

seems necessary also to abandon tJie genus Laverania. Several observers recognise more than one 

species in genus Hamommas— namely, a tertian, a quotidian, and possibly an unpigmented 

quotidian parasite ; but, pending further research, we have accepted only one species- //. priecox. 

The different prevalence of the three human species at different but contiguous spots 

(as at Wtlberforce and Tower Hill), is hardly consistent with the idea that they are merely 

interchangeable forms of one species of parasite. 

20. Cause of Occasional Failures in Direct Cultivation.— We have noted 

[paragraph 9] that a number of Anopheles fed in test-tubes on cases of hsemamoebiasis, and not 
fertilized, failed to show parasites ; while two Anopheles which were fed in the same manner 
but which were previously fertilized, did contain them. In this case the fiiilure may be attributed 
to the &ct that the patients contained but few parasites and were taking quinine ; but previously 
one of us, in association with Dr. Daniels, obtained negative results with a considerable number 
of Anopheles fed in test-tubes on two excellent cases of crescents in Calcutta. The Italian 
observers also note similar failures in gnats known to be hospitable to the parasites. What is the 
cause ? 

Grassi attributes it to immunity in certain individual gnats. This can scarcely be the 
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true cause, or at least the whole cause — because it sometimes happened in the Indian experiments 
that out of a large batch of Culex (according to Giles, C. fatlgans [23]) fed on birds with 
H. rf/icta, every insect would become infected — or almost every insect. It Is scarcely likely that 
the eighteen insects we refer to in paragraph 9 were all immune, while 25/^ of /Inapheles of the 
same species caught at Wilberforce contained parasites. 

The explanation which suggests itself is that something was omitted in the experiments, 
which is present under natural conditions, and which is essential to the cultivation of the 
parasites. What this is we cannot say for certain ; but it is noteworthy that all the successful 
experiments made by one of us in India, without exception, were made with insects fed in 
mosquito-nets in the presence of males ; while his negative experiments with various species of 
Anoplules fed on human subjects were nearly all made with females isolated in test-tubes, 
and therefore not fertilized. 

Paragraph 16 will surest the reason why fertilization should afTect the question. The 
ingested blood is really required for the nutrition of the eggs. If the ova are not fertilized the 
blood cannot be much needed by the insect, and is possibly evacuated without some digestive 
process which perhaps is necessary to the vitality of the zygotes. We know that very subtle 
differences influence the vitalil)' of the zygotes, because otherwise they would not perish in some 
species of gnats and live in others. 

The point requires careful study, because until it is elucidated negative experiments 
cannot be entirely relied on, 

The Indian experiments have shown that there is considerable variation in the number 
of zygotes found in gnats fed even on the same subject at the same time. This variation 
must depend on differences in the quantity of blood ingested by different individuals; and 
also possibly on some differences of quality in their digestive juices. But, at the same time, it 
was demonstrated that few individuals of a hospitable species entirely escape infection if fed 
in a natural manner. 

21. Known Facts about Malaria Expluned.— Caution must always be used before 
accepting popular theories regarding the diffusion of disease ; but it is remarkable that many 
such ideas respecting malaria are explained and justified by the discovery that the disease is 
carried by AmpkeUi. We will briefly indicate the principal points. 

(i.) Malaria is endemic. — Amphehs arc more numerous at some spots than at others, 
and are entirely absent from many places. 

(2.) Swampy ground favours malaria.- — Anopheles breed in surface puddles. 

(3.) Level ground favaun malaria. — Pools suitable for Anoplieles must be more common 
on level than on sloping ground, e.g., on plains and in valleys, than on mountain sides. 

(4.) Rain favours malaria.— Anopheles pools largely depend on rainfall. 

(5.) Malaria is connected with decaying rack.— Anopheles may breed in hollows in rocks, 

(6.) Malaria often occurs when the soil is disturbed. — Digging must often result in the 
formation of puddles suitable for Anopheles. 
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(7.) Emhanimen Is favour ma/aria.— They also favour the formation of surfoce puddles. 

(8.) Tawni art inimicai to malaria. — Stagnant sur^ce puddles are not likely to be as 
.numerous in crowded, well-drained cities, as in rural areas. 

{9.) Cultivation and surface drainage tend to remove ma/aria.— Thty also tend to remove 
waste water suitable for Anopheles and l)'ing on the ground. 

(10.) Malaria is not particularly connected tvitli large bodies of water. -Gnats do not often 
breed in such. 

(i 1.) Malaria occurs on ships.- - Gnats, including Anopheles, visit ships. 

(12,) It is particularly dangerous to sleep in malarious places, especially at night. — Gnats easily 
bite sleeping persons, and usually feed at night. 

(13.) Ground floors are most dangerous,- —Gn^ta seem to remain near the ground. 

(14.) Mosquito-nets protect from malaria.- Thty protect also from gnats. 

(15.} JVarmth favours malaria.— \t ftivours also gnats, and the Hamamocbidic within them. 

In the remarkable work [1] which seems to be the first published exposition of the gnat- 
theory of malaria. King suggested many of these striking analogies — and indeed based his theory 
on them. Laveran, Manson, Bignami, and others liave also independently entertained the same 
ideas — which may well occur to anyone who considers the subject at all. But it is now necessary 
to make an important correction in these views. King — and indeed other observers — seems to 
have thought that all gnats rise from swamps. A close student of the bionomics of gnats, 
however, might have almost shattered the whole argument at the outset by remarking that many 
of the commonest gnats do not rise from swamps at all, but from tubs, pots, etc., in the vicinity of 
houses ; and are indeed most prevalent in the heart of large cities and in other places where there 
is little or no malaria. It is clear, then, that King's arguments can apply only to certain species of 
Culicidx, namely, those which breed only in pools on the ground. 

King also employs other analogies which seem to be less sound. Accepting the popular 
views, he considers that both malaria and gnats can be blown long distances, as to the summits of 
hills. It is probable that in many such cases the gnats really breed close at hand ; though the 
observer, under the influence of the popular superstition, prefers to think that his malaria comes 
from the nearest marsh, although that marsh may be miles distant. King also su^ests that white 
men are more susceptible than black men, because gnats can see the former more easily. As a 
matter of fact, it is always observed that gnats prefer to settle on dark surfaces ; while the 
susceptibility of white men is more probably due to comparative absence of immunity than to 
more frequent infection. 

22. Are other Insects besides Anopheles hospitable to the Human Hscma- 

moebidx ? — Returning to the subject just touched upon, it will be readily perceived ihal out of 
the fifteen analc^ies given in the last paragraph, no less than nine (the first nine) can apply only 
to insects which breed in pools of water on the ground. For instance, they will not apply to 
species of gnats which usually breed in vessels of water. Such gnats cannot be said to have a 
localized distribution, because they are to be found in the neighbourhood of almost every dwelling 
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in the tropics. They have no particular connection with swampy ground, level ground, or 
decaying rock. They are not particularly encouraged by rain, by digging, or by embankments. 
They are not removed by cultivation or suri^ce drainage ; while they swarm in cities. Hence 
we may almost venture to aver that if pot-breeding gnats could carry malarial fever, almost all the 
phenomena of the distribution of the disease would be dil^rent from what they are known to be. 
That is, the disease would be most prevalent in cities ; would have no particular connection with 
marshes and level ground, or decaying rock, or rain, excavations, or embankments ; and would 
certainly not be removable by surface drainage. In short, it would certainly be present where it 
is not present, and absent where it is not absent. 

It will be seen from Section IV. that these considerations would seem to exculpate a large 
number of species of Culex which frequently, if not always, breed in vessels of water. 

They would also exclude most other suctorial insects, such as fleas, bugs, lice, etc. 

They would not, however, exclude other suctorial insects which, like Anopheles^ breed 
exclusively or almost exclusively in pools of water. It is impossible, without more study, to say 
how many such insects exist. Certainly some species, even of Culex, can often breed in pools 



The Indian observations with " grey mosquitoes " {Culex pipient type) and " brindled 
mosquitoes" {Culex taniattts type) all proved negative with the human parasite — with the doubtful 
exception of one individual. The experiments were very numerous, and the feeding was done 
under natural conditions in mosquito nets [paragraph 20]. 

The Italian observers record negative results with Italian Culex. 

Koch, however, thinks that Culex may possibly be involved [i i]. 

On the other hand, some nine species of Anopheles, existing in widely separate parts of the 
world, have already been incriminated. 

To sum up, while it seems improbable, or indeed very improbable, that the common pot- 
breeding species of Culex are involved, it is scarcely safe as yet to exculpate the genus entirely. 
Observations regarding other gnats and insects which breed in puddles are still required. But on 
the whole it appears more probable that only gnats of the genus Anaphelet are concerned in the 
propagation of human malaria. 

23. Are other Vertebrates besides Man hospitable to the Human Hzinamce- 
bidfe? — Dionisi records [24] that the two species of parasites found by him in bats are 
morpholc^ically very similar to H. pnecox and H. malaria ; and Koch says [1 1] that the parasite 
found by him in monkeys is like fi. vivax. These parasites may perhaps be identical with the 
human species. 

The parasites of birds can scarcely be communicable to man, being too dissimilar to the 
human ones. Exhaustive search in the blood of other mammals besides bats and monkeys is still 
required. In many places d(^ are popularly supposed to get malarial fever. 

The Indian experiments showed that H. rellcia of sparrows can be conveyed by C.fatigam 
to crows and weaver-birds. Reasoning from analogy, then, we may suppose that tlie human 
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parasites may infect other animals, and the converse, through Ampktlti ; and it will be noted that 
monkeys and bats, in which parasites like the human ones have been found, are closely allied to 
man. But while no strong argument can be adduced against this view, not much can be said for 
it. In fact the only thing which we can find in its fevour is the popular notion that malarial fever 
can be acquired in uninhabited localities — a notion which we will presently discuss. 

24. Is the Life-History of the Hxmamoebtdz fully knowo ?— According to the 
known facts, malarial fever is communicated from sick to healthy persons by the bite of Anepheles. 
But a very important question remains. Is this the only way in which the disease can be 
propagated ; or do the parasites possess some other cycle of existence, and, perhaps, some other 
mode of entry into man ? 

Nature is so full of potentialities that we can scarcely ever venture to say absolutely, at 
least with regard to any of the lowest forms of life, that we know all their life-history ; but when 
one life-cycle is known, we are not justified in believing that there may or must be another, unless 
there are grounds for this belief. The lower forms of life, like the higher ones, cannot have an 
unlimited number of life-cycles. The life-cycle of the Hxmamcebidic as already known is 
complex enough — are we to suppose that they possess others ? If they can live freely in air and 
water ; if they can enter man by the respiratory or digestive tracts ; even if they can pass, not 
only from the gnat to man, but also indefinitely from gnat to gnat, they must possess different 
phases adapted to these modes of existence and transference, and their whole life-history must be 
complex indeed. They must possess not only the known phase which adapts them for life in the 
gnat, but other phases which adapt them for life in the soil or water— which enable them to rise 
in the air and pierce the epithelium of our respiratory passages, and so on. When we consider 
the amount of variation in structure and function which this would entail, we can scarcely be 
blamed for refusing to believe in other life-cycles without good evidence. 

Is there any evidence which will lead us to suppose that there is or may be another 
cycle ? First, is there any evidence to be drawn firom our knowledge of the disease, malarial 
fever ? Secondly, is there any evidence to be drawn from our knowledge regarding the parasites 
themselves ? 

It is often stated that malarial fever exists where there are no gnats ; and that persons 
become infected without being bitten by gnats. Were cases of this kind to be substantiated, 
they would certainly prove the existence of other modes of infection, either by other suctorial 
insects, or by some quite different route. But what value can we attach to popular statements 
of this kind ? A perusal of paragraph i6 will suggest how easy it may be for Anopheln to 
be overlooked — especially by persons who do not make an express search for them. Moreover, 
when we remember that a large number of cases of fever occurring anywhere are relapus, and that 
Anopheles may be present only at certain seasons, we must hesitate still more in accepting such 
statements; while the known fact that persons can be bitten without observing it discredits 
the other notion. We do not say that alt such statements are absolutely untrue ; but we are 
scarcely justified in accepting them until cases have been established by competent observers. 
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On the other hand, it is impossible to consider.the matter given in paragraph 2i without 
feeling that the gnat-theory sufRces to explain almost all the better-established laws regarding 
malaria — its connection with the soil, with st^nant water, with rainfall, with rural areas, and 
so on. In short, there seems to be no longer any necessity for believing that the parasites live 
at all in the air or soil of infected localities. The facts on which we formerly founded our 
belief that they -did so arc now otherwise explained by the origin of Anopheles from suriace- 
puddles. The facts were sound enough ; our interpretation of them was wrong. Malarial 
fever is connected with the soil, with stagnant water, and so on, as we supposed it is ; but 
it U not, as we thought, the germ itself which springs from the soil — hut the carrier of the germ. 

It is impossible to avoid seeing how completely this fact in the bionomics of AnofJieles 
subverts the arguments in fevour of the view that the pathc^enetic organisms themselves have a 
telluric or paludal origin. 

The idea that the parasites can. originate in the soil, and thence pass into gnats, and 
from gnats to man, is opposed to all parasitolt^ical, analogy. On the other hand, that they 
can pass alternately between men and gnats is merely an instance of a very common law 
among parasites. 

The lact that malarial fever is communicable from the sick to the healthy has certainly 
been a surprising one. We thought that it is not communicable because we observed that 
communication does not occur outside endemic areas ; while within endemic areas we attributed 
to an endemic poison infections which were really due to communication from the siclc. By 
endemic (malarious) areas, we now understand simply areas which are infected by the com- 
municating agent {Anopheles). 

Of course the parasite itself, as well as both the hosts, must be present in an endemic 
area. Once present, however, there is no reason why it should not remain indefinitely so long 
as both the hosts remain. 

So far, then, all the known facts about the prevalence of the disease seem to be easily 
explicable by the bionomics of the parasites and of Anopheles ,- but we now come to the 
consideration of the one popular theory which is not so readily explained— we mean the notion 
that malarial fever may be acquired in uninhabited places. 

As a rule man lives in the society of man. Hence the vast majority of infections must 
take place in inhabited places — in places where previous cases of malarial fever have existed 
perhaps from time immemorial. Even during the most detached moments men are seldom 
quite solitary. Pioneers, explorers, missionaries, travellers, sportsmen, are usually accompanied by 
trains of servants and carriers j in order to reach uninhabited places they have to pass through 
native towns and villages ; have to live long perhaps in native houses, and in settled camps 
surrounded by their followers. Ships on which malarial fever breaks out have not as a rule 
touched at uninhabited spots on the malarious coast, but at towns and ports where trade is carried 
on- and may have been visited by infected coolies, or even by infected gnats, from the shore. 
In all such instances, cases of fresh infection may be simply explained by communication from 
previously infected men — at least the possibility of this can seldom be excluded. Even in the 
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very rare case of complete solitaries, attacks of fever may perhaps often be attributed to relapses 
due to a long previous infection acquired in the haunts of men. 

Travellers and sportsmen sometimes attribute their fever to having passed through a 
particular uninhabited but " deadly " spot. Such cases are generally questionable. On enquiry 
it is often found that the fever has commenced the very day, or the day after, the traveller has 
arrived at the place he refers to ; so that the necessary phenomenon of an incubation period is 
wanting ! A case is on record where a family of healthy natives were found living in one of the 
*' deadliest spots " in India [25] ; and we were informed that some persons who escaped from the 
Benin massacre, and lived several days in the reputedly deadly jungles, escaped without fever. 
It is certainly often possible to explain outbreaks of fever, attributed to such localities, by previous 
infection acquired by the sufltring party in rest-houses and native villages en routt. 

If a healthy person could be carried to an uninhabited but reputedly " malarious " spot in 
a balloon, and should then acquire the disease, we should be forced to admit the possibility of 
infection in such places. Failing this, it is at least open to doubt whether autochthonous malaria 
does in fact exist in uninhabited localities at all. 

Even assuming it does so, however, the feet would be explicable without the assistance of 
another life-cycle of the parasites, on the ground that Anopheln may possibly convey the infection 
from wild animals [paragraph 23]. For instance, both monkeys and bats arc often found in 
large numbers in forests reputed to be malarious. 

Failing even tliis, if it can be shown that autochthonous malaria does exist in uninhabited 
places, the feet would be more readily explained on the hypothesis that the Hxmamcebidx can 
pass from gnat to gnat, than on any other. And this leads to the second question given above. 
Is there any evidence to be drawn from our knowledge regarding the parasites themselves in 
fevouT of the view that they possess another life-cycle f 

The Indian observations showed that in many of the zygotes of H. re/Uta found in 
C.fatigam, certain large, black, sausage-shaped bodies occurred. These were provisionally called 
by one of us " black spores." They occurred not only in the zygotes, but in other parts of the 
gnat } fects which he at first explained on the assumption that they are produced within the 
zygotes, are liberated on the rupture of these, and are then distributed by the insect's circulation 
throughout its tissues in a manner similar to the way in which the blasts are distributed. Later, 
however, he observed in gnats which were not infected with HaEmamcebidx at all, bodies which 
were very similar to these black spores, but which showed evidences of fission in the manner of 
the fission fungi, and indeed of growth entirely independent of the HxmamoebidEC. Consequently 
he at once modified his statements about these bodies [21], and su^ested that, though he 
could not say for certain what they are, they may be some parasitic organisms in gnats which 
have the power also of invading the zygotes of the Haimamtebida;. He at first thought that tiiey 
might be meant for infecting the tarvie of gnats, and indeed made some negative experiments in 
this connection, but later abandoned all hypothesis on the subject pending further researches. 
Since then the " black spores " have been found by other observers, who also have failed in 
elucidating their nature. In Freetown we noted bodies very like them in a few AnephtUt ; but 
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these bodies were never seen within the zygotes, while they often occurred, mixed with what 
looked like segments of a fungus, within the sheath of certain muscle-Abres {(■£■■, of the stomach), 
and indeed a[^)eared to have no relation at all with the H^mamcebidx. 

If these bodies are indeed forms of the parasites, they will certainly suggest another life- 
cycle. In this case they will probably infect hirvie, for the purpose of continuing the species from 
gnat to gnat. The probability of one of them ever reaching man's digestive or respiratory tracts 
must be so remote that we can scarcely imagine that they are provided for this purpose. In the 
meantime it remains to be proved that they have any connection with the parasites at all. 

It should also be noted that many full-grown zygotes do not contain blasts, — a fact which 
suggests that they may be set apart for some other purpose. At the same time they may merely 
be zygotes whicli for some reason have not been able to ripen as early as the rest. 

The method of diffusion of the disease by inoculation through the proboscis of gnats 
is so perfect a one that, now we are acquainted with it, it seems difficult to imagine the 
existence of any other— such, for instance, as the clumsy methods which in our ignorance we 
formerly imputed to nature. In the transference of the parasites from man to man by gnats, 
there is an economy which would not have existed had nature sown the organisms broadcast 
through the soil or air, on the chance of one- of them occasionally infecting a human being. 

To sum up, then — there appears at present to be no strong evidence, based on our 
knowledge either of the disease or of the parasites, in fevour of the view that the latter possess 
any other life-cycle besides the one which is already known. On the other hand, the fact 
that malarial fever is communicated from sick to healthy persons by Anepbela seems sufficient 
to explain all the well-established laws regarding the prevalence and diffusion of the disease. 
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VI. PREVENTION. 

25. Measures Indicated. — It is a well-luiowii fact that malaria has been often eradicated 
from certain localities by cultivation and drainage of the soil. Hence we are justified in saying 
that the possibility of prevention has been demonstrated in some cases by experience. But 
cultivation and drainage arc generally large and costly measures, and are often impossible. We 
propose now to examine whether the new observations regarding the propagation of the disease 
can suggest any cheaper, more precise, or more effective means of prevention. 

Since the disease is certainly conveyed by Anepkehs, it is obvious — whether this be the 
only mode of propagation or not — that measures taken against these insects in any locality 
must assuredly be at least beneficial, even if they do not result in the entire extirpation of 
the malady in that place. 

King long ago pointed out [i] that if malarial fever be produced by gnats, prevention 
of the disease will consist in precautions against their bites by mosquito-nettings, window screens, 
and inunctions of the skin ; and in measures for the exclusion or destruction of the insects, 
such as screens of trees, smoke, fires and lights (in which he supposed they destroy themselves), 
and the draining of swamps and pools. Similar ideas have occurred independently to other 
observers who have considered the gnat-theory. Nuttall gives [12] a summary of measures 
against gnats recommended by various writers — such as draining or dumping the pools, or 
flushing them; or agitating the water by wheels turned by wind-mills j or the introduction of 
small fish ; or by the introduction of gnat-eating birds and dragon ities ; or by the use of 
fires, " lamp-traps," and so on, of inunctions to the skin, and of various " culicicides," such as 
kerosene oil ; or by the plantation of water-absorbing trees. Celli and Casagrandi have recently 
reconsidered the subject, and have recorded a number of valuable experiments with various 
culicicides [26]. 

It will be observed that these measures can be resolved into two classes, namelv :- - 
(i.) Precautions against the bites of gnats. 
(2.) Measures for reducing their numbers. 

Of course, if malarial fever be communicated only by the bite of gnats, as there is now 
every reason to suppose [paragraph 24], these measures will include the entire prophylaxis against 
the disease. If there be also some other method of propagation, other methods of prevention — the 
nature of which we cannot now indicate— will also be called for. 

Note also that we refer only to the prevention of infection, not to the prevention of the 
recurrencts of fever, which often occur in a patient years after the primary infection, and which 
are not connected with the original infective causes at all. 
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26. Precautions against the Bites of Gnats.— We shall content ourselves with 
recording a few practical remarks in this connection. 

(i.) Numerous substances have been vaunted as being efficient " cul'uijugfs" such as oil 
of lavender, eucalyptus, kerosene oil, etc. [12]. It is scarcely advisable to trust to any of them 
until their value has been demonstrated by experiment. Even if an effective culicifuge exists, 
it is hardly to be expected that many persons in malarious localities will use it constantly. 

(2.) Lights in a bedroom tend to prevent gnats from biting—not by attracting them, as 
many suppose ; but more probably by alarming them. I'hey seem to prefer darkness for feeding. 
Many species of gnats bite voraciously during the daytime, even in verandahs and under trees. 
These are generally gnats of the C. tanlatus type. 

(3.) In India, natives certainly seem more prone to infection than Europeans. This 
may be partly attributed to their wearing less clothing and not generally sleeping in mosquito- 
nets. It should be observed, however, that natives of India (and, we believe, negroes) generally 
sleep with a sheet drawn over their heads, for the express purpose of keeping off gnats j and the 
method is undoubtedly partially effective. 

(4.] Some writers imagine that the darkttm of the skin of ti)e coloured races is a preventive 
against gnats. As a matter of fact, it will be generally observed that gnats settle on dark surfaces, 
and are probably attracted by dark skins, instinct telling tlicm that they are likely to find their 
food there. 

(5.} In India it is universally recognised that fans and punkahs keep away gnats to a large 
extent. Thus many persons dispense with nets and sleep only under punkahs — a questionable 
practice in the presence of Anophe/es^'biczase, unless the punkah swings rapidly just over the 
body, gnats are not much deterred by it. 

(6.) Moiquito-mts must be entirely free from holes, because gnats find their way through 
the smallest aperture. They should also have a doubling or valance just above the surface of the 
bed, in order to protect the hands, feet, and knees of the sleeper when thrust against the net during 
sleep. If the weather is hot the net should not be dispensed with, but a punkah may be employed 
over it. The top of the net should be made of gauze. Tent-shaped nets are hot and close 
because they fall in folds. A rectangular net, tightly stretched inside a wooden framework, and 
carefully tucked under the mattress, is much better. The net should never be allowed to fell to 
the floor. Unless care is taken while getting into bed, gnats frequently enter with the occupant. 
Mosquito-nets are often used in so stupid a manner that, instead of excluding gnats, they include 
them — gnats which have previously entered being allowed to remain within the net for days. 

(7.) Screens to windows are little employed. They would probably be very effective 
indeed. They should be made of fine wire with a fairly large mesh, and should be fixed 
immovably if possible, because gnats find their way in and out of windows at all times of the day. 
They are often employed in America. 

(8.) Some persons have such a dislike to being bitten that they arc consUntly on the watch 
for ** mosquitoes," and drive them away or kill them whenever possible. Such certainly escape 
much more than those who are indiDerent to the insects, or those who think they are immime 
against them. 
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While it is never possible entirely to avoid being bitten, careful persons can certainly avoid 
being bitten to a very large extent by the use of some of the measures indicated above ; and 
evidently the less one is bitten the smaller are the chances of infection. Indeed it is probable that 
the general neglect of these precautions by a community largely enhances its sick-rate. Thus in 
India the natives seldom employ either the punkahs or the mosquito-nets which are so generally 
used by the well-to-do whites ; and are certainly much more subject to fever. The poorer 
Europeans, also, frequently neglect these necessities ; and also appear to suf^r more than the 
richer people. We were much struck by the fact that in Sierra Leone both nets and punkahs 
were seldom employed— or if nets were used, they were not used effectively ; and we have heard 
that they are similarly neglected in many other places on the West Coast. It is not at all 
unlikely that this fact will partly account for the fever-rate on the West Coast being so largely in 
excess of what it ts in India. 

That this is not an exaggeration will be more readily perceived by those who possess actual 
experience of life in different tropical localities. In some, where nets and punkahs are not 
generally used, our lives at the mercy of these insects — it is impossible to sleep, eat, read, or even 
in some cases to stand still, without being bitten by them. In others, such for instance as the 
large Indian cities and cantonments, where punkahs are kept going all day and nets are jealously 
used during sleep, one often lives for several days without suffering a single bite. The risk of 
being bitten — and consequently, in malar iousMocali ties, of infection — must therefore be greatly 
diminished by these precautions. Assuming that the risk is diminished to one-fourth — and this is 
scarcely too much — we may calculate that the fever-rate will be correspondingly reduced by 
three-quarters. Prophylactic measures which promise anything like so much are certainly not to 
be despised. 

Nets and punkahs, then, should always be employed in malarious countries by persons who 
can afford them. 

Screens of wire-gauze to the windows seem to be especially indicated in public buildings 
such as barracks, hospitals, jails, and asylums. In such buildings there are usually large wards in 
which a number of persons sleep tt^ether. Here — as for instance in the Wilberforce barracks 
[paragraphs 7, 9] — the Amphelti, if they arc present, simply carry the infection uncontrolled from 
one to the other of the inmates, until finally a large number become infected. Screens would 
limit both the ingress of the insects, and also their egress for the purpose of laying their eggs. 
Thus few insects would gain admission, while those that do would probably soon perish 
[paragraph 16\. 

Lastly, medical men must always remember that patients with gametocytcs in their blood 
are inficiive where Anopheles exist, and must be jealously protected from bites in the interests of 
other occupants of the same or neighbouring houses. 

It will be observed, however, that precautions against the bites of gnats, while feasible to 
intelligent and well-to-do persons, are scarcely likely to be employed by the mass of the population, 
at least in malarious areas outside Europe and America, Other measures are re<}uired for 
the prevention of gnat-fever on a large scale. 
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27> Operations for Reducing the Numbers of Anopheles.— Such operations will be 
divided into :— 

(i.) Destruction of adults or larvx. 

(2.) Measures to prevent the insects breeding. 

Where the larvae cannot be found — as at Wilberibrce— destruction of the adults can be 
resorted to. The gorged females, that is, the insects which are particularly liable to be dangerous, 
can often be killed while seated asleep in the daytime on the walls of a house. The same thing 
may be done on ships ; and it is quite possible that many infections may be prevented in this 
manner. Native servants become very expert at the work. But, of course, such a measure 
will not be possible on a large scale. 

The most vulnerable point in the history of gnats is when they are larva; ; they can then 
be destroyed wholesale. In the case of larvx in vessels, it suffices simply to pour out the water 
on the ground ; but it is more difficult to deal with larva: in pools, drains, cisterns, wells, streams, 
drinking fountains, and rice-fields, etc. Even here, however, very simple measures may often 
suffice. 

Thus small puddles can be bruihed out with a broom, the iarvK dying on desiccation if 
the operation be done in dry weather. We judged that in Freetown 80 ■% ''f ^^^ puddles could 
be treated in this manner with little labour. 

Other pools can often be rvacuated, or Jilltd up with earth by means of a few strokes of 
the spade. The former, however, may be impossible in perfectly level country. 

Where these simple measures are impracticable recourse may be had to " cuHcieides." The 
most popular of these is kerosene oil (paraffin). We found that this can be most easily applied by 
means of a rag fixed on a stick. In this manner a number of puddles can be " painted " in a few 
minutes at the cost of but little oil ; but enough oil must be used to make a fairly permanent film. 
Aaron states that for five dollars sufficient oil can be purchased to make five applications to 
100 acres of water [12]. Strachan recommends olive oil mixed with a very small proportion of 
turpentine, especially for cisterns of drinking water [27]. Nuttall quotes writers as saying that 
copperas, and even rusty iron, are culicicides ; certainly larvx are not commonly found in iron 
vessels, except when water runs into them- -as from a tap. Numerous other culicicides are 
suggested by the work of Celli and Casagrandi [26]. 

It is obvious that by these means we can destroy a large number of larvx at any time ; 
and it is even possible that by repeatedly dealing with every pool in a given locality we may 
ultimately be able to exterminate, or almost exterminate, the insects in that locality. But there is 
one serious difficulty. Such operations carried out on a large scale will require constant care, 
involving a great deal of trouble and some expense ; while untrustworthy agents will be very 
likely to neglect their work. This will especially be the case if the Anopheles pools are very 
numerous. It will therefore be generally preferable to deal with the insects by preventing them 
breeding altogether. 

Two ways of doing this suggest themselves — 
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(i.) The whole of the area of operations must be carefully dealt with by draining away or 
filling up every collection of water which is Ibund to harbour Anofhelti larvx at 
any time. 

(2.) Some cheap culicicide which will have the effect of rendering the pools permanently 
uninhabitable for'the larvae must be employed. 

The first will be an engineering work, the details of which need not be considered by us. 
Its cost will obviously depend on the number of pools existing in the locality of operations, and on 
the natural difficulties in the way of draining them or filling them with earth. 

The second measure will depend on the discovery of the substance which will have the 
effect required. It must be some cheap solid substance which kills larvas without injuring higher 
animals, and which, when sprinbJed on depressions in the ground, will render the pools which form 
there uninhabitable for the larvx for a long time — say for months or longer. Such a substance 
has yet to be found by proper experiments ; but we may suggest tar and Ime as being possibly 
suitable. 

When placed in water, tar constantly gives off a film like that produced by kerosene oil, 
but more permanent. Judging from Dr. Field ing-Ou Id's experiments {Addendum II.], it would 
seem to destroy larvas in a more effective manner than oil does j but it remains to be seen how 
long its effects will last. 

Lime is suggested by a paper by Grellet [28], of which we have seen only a review. Dr. 
Grellet gives instances to show that this substance is inimical to malaria ; and cites particularly 
the example of Chdtillon-sur-Loing, where malaria is said to have disappeared as the result of an 
extensive application of lime to the soil for agricultural purposes. As it could scarcely have acted 
otherwise than by rendering surface pools uninhabitable for Anapkilei larvae, we may surmise that 
lime may be a substance such as we require. 

The fact that Anophiles do not exist in many localities where suiuble pools must be 
present, suggests that the soil there contains constituents which arc inimical to the larvae j and it 
is at least probable that something like the required culicicide actually exists. If it be found, we 
may possess a very practicable mode of eradicating the insects from areas which we elect for 
operations. 

In conclusion, there can be little doubt that we may often be able largely to reduce the 
number of Aniiphilei in some localities by these measures. If we may assume-as it seems we 
may— that the malariousness of a locality depends ctitrU paribui on the number of Anopheles 
present in it, this would mean that these measures may often enable us largely to improve the 
health of certain places. 

28. Under what Conditions do Operations i^ainst Anopheles promise to be 
most Successful? — It will, however, be at once apparent that the practicability of employing 
these measures in any given locality must depend on two factors, namely, (i) the number of 
Anophelt! pools present, and (2} the feasibility of attacking the pools. 

Judging from the careful study of the question which we made in Freetown, we 
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unanimously came to the conclusion that these operations, if scrupulously prosecuted, promised to 
be successful in that town. The pools — at least during the time when we were there, the 
height of the rainy season — were not very numerous ; and could easily be attacked, at but little 
cost, by any of the measures indicated above. That is, we judged that either if the larvae were 
persistently destroyed, or if the pools were carefully obliterated, tlie insects might be very largely 
reduced, if not almost exterminated, in the area studied by us [paragraph 13, Map //.]. It is of 
course impossible to speak with absolute certainty on the point until the experiment has actually 
been tried ; but from all indications we thoi^ht this conclusion was a reasonable one. 

But even if the operations ultimately prove to be successful in Freetown, it does not follow 
that they will be equally successful elsewhere. The conditions obtaining in Freetown do not 
obtain everywhere ; and we have already pointed out that, owing to the hilly nature of Freetown, 
the pools there are both limited in number and are easy to drain [paragraph 13]. On the other 
hand, the large rainfall in Freetown (163 inches) is fovourable to the formation and permanence 
of puddles in that place. 

Judging from our observations, the number of Anaphtlet puddles in any given locality at 
any one time is likely to depend upon a number of fectors, namely, (i) amount and continuity of 
rain^l, (2} humidity of the atmosphere, {3] height of the subsoil water, (4} flatness of the ground, 
(5) porosity of the soil, (6) presence of small fish in surface puddles, (7] use of wells and of pools 
for agriculture, (8) temperature ; and also probably on (9) the chemical nature of the soil, and (10) 
presence of some vegetable food necessary to the larvx or even to the adults. Hence we may 
expect much variation in the number of Amj^elet pools in various localities. 

In some tropical countries, as in parts of Assam for instance, vast level areas are almost 
under water during the rains. In such places the larvae may abound everywhere ; unless it 
happens — and the point requires study — that small fish are too plentiful for them. Here it 
will be impossible to drain or fill up the pools. 

Again, in Lagos, Strachan [27] and Fielding-Ould [Addendum 11.] report that the 
pools are extremely numerous, while the ground is so flat that it will be difficult to drain them. 

In Freetown the pools are much less numerous than in Lagos, and we think it possible 
to attack them with success. 

In Accra, Fielding-Ould did not succeed in finding a single Anophelet pool when he 
was there. 

In Secunderabad, in'India, only one pool was detected in a considerable area examined 
by one of us — though others might have been overlooked. 

In the Bolan Pass| malaria certainty exists, though the country approximates to a desert. 
In such places pools must be very isolated. 

In Travancore, James reports [29] that the larvx are found in pools used for obtaining 
drinking-water, and also in the submerged plots of ground in which rice is grown (paddy-fields). 

Possibly the larvae may breed in wells — which are often very numerous in tropical ciries.* 

* Since ihi) wu u'lilten, CorawiIJ hat dexr^Md finding AMfhelii lirva in^unmed welli in Madru citji [30]. 
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Lastly, in many places where there is much forest or undergrowth, it may be impossible 
to indicate the pools at all. 

Even in localities where the pools are sufficiently few, it may be difficult to deal with 
them. This will be especially the case with wells, pools of drinking-water, small streams, 
rice-fields, irrigation pools, and pools on water-logged ground. 

On the other hand, operations may be very much facilitated if we can succeed in finding 
a cheap substance, such as was alluded to in the preceding paragraph, which will prevent the 
insects breeding in the pools. Suppose, for instance, that a ton of such a substance will 
suffice to keep a square mile of land free from Anopheles for a whole rainy season, we may 
hope to eradicate malaria from our principal towns at but little cost. 

Again, as suggested in paragraph 1 7, if Anopheles live from one rainy season to another 
only by continuing to breed in the few pools which remain during the dry season, wc may 
then be able to attack them with comparatively little trouble at that season. This is an indication 
which requires following up. It is difficult to understand how the insects tide over the dry season 
in places in which almost every inch of soil is then subjected to a heat sufficient, one would think, 
to destroy even the eggs. Unless the adults "hibernate," we may supjiose that the larva; still live 
in wells, or gardens, or in pools in the bed of watercourses which have nearly dried up. If this 
be the case, operations against the insects may be much facilitated. 

On reviewing these observations, we shall see that— 

(1.) Operations against Anopheles are least likely to be effectual in level, water-logged 
localities, and in places where the insects breed in pools wliich cannot easily be found, or cannot 
easily be treated. 

(2.) Operations will probably be easier in country which is not quite level, or where 
the rain&ll is not great. 

(3.} They promise to be very easy in extremely dry places. 

Lastly, it goes without saying that we can scarcely ever expect to deal with Anopheles 
in large rural areas. On the other hand, we may reasonably hope to reduce them, if not to 
exterminate them, in the principal centres of population and civilization — that is, in just the places 
where prevention of malaria would be most useful — provided always tliat wc make intelligent 
and persistent efforts to do so. 

29- Recommendations- — The method of dealing with malaria by operating against 
Anopheles would seem to have this advantage over the old method by drainage of the soil — it 
promises to be much cheaper. Whereas by the old method we were obliged to drain the whole 
of an infected area — often at great cost — we shall now be called upon to drain, or otherwise deal 
with, only those spots which arc the source from which the insects (and, by tiypothesis, the disease) 
emanate. 

The fact that drainage has often actually banished malaria now only su^ests that drainage 
has often actually baiiished Anopheles. By reducing this long-known method to one of greater 
precision, wc may now reasonably hope to obtain the same eficct with greater ease. 
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Financial considerations have frequently prohibited the employment of the old inctliod ; 
they can scarcely prohibit the employment of the new one — at least in many localities. 

Although the new method has not yet been tested by actual experiment, all the scientiHc 
indications support the view that it will be a valid one. 

The existence of tiie disease is in many localities such a serious source of expense, not to 
mention loss of trade, prosperity and life, that the small sums required for the prosecution of the 
new method cannot justifiably be withheld, even though it is still in the experimental stage. 

Hence we feel justified in recommending that operations against Anophtln be included 
among the sanitary measures of local governments and municipalities. 

We also recommend that further investigations regarding the prevention of malarial fever 
be prosecuted with the energy which our national obligations demand. 
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VII. REMARKS. 

3a Miscellaneous Remarks.— The following notes may be of interest. 

(l.) Dtstruction of gnats., gtneratly.—\t is a most astonishing fact that though gnats constitute 
a serious pest in nearly all tropical towns, one seldom hears of any efforts being made to control 
their numbers. Even Europeans appear to be generally quite ignorant of their source, and often 
allow them to breed in large numbers in tubs and flower-pots just outside their windows ; and then 
complain of their presence and attribute it to the "locality." It would be a benefit to the 
community if medical men would exert their influence with local municipalities in favour of some 
action against these insects- not only Anopheles, but Culfx as well. A single intelligent native 
agent, whose services could generally be obtained for one or two |x»unds a month, would be able 
to do a great dc-al of good in many towns, simply by going from house to house and emptying the 
vessels of stagnant water, or by treating them with culicicidcs, or by showing the occupants what 
to do. Sanitary inspectors might also be instructed to attend to the matter. The policy of 
indifference adopted at present is ridiculous. 

(2.) Hmses af Europeans tn the tropics. — We have already referred to the fact that punkahs 
and mosquito-nets are not as generally used in Sierra Leone as in India. In the latter country 
Englishmen seem to have learnt by long experience how best to live in the tropics. Not only do 
they employ these comforts wherever possible, but their houses are as a rule specially adapted for 
tropical life — they are generally commodious, well-built, and surrounded by a large open area or 
"compound." Undoubtedly this must assist in preserving the occupants from a great deal of 
fever. Gnats do not like airy, well-lighted rooms j while, if there is a large compound, infection 
cannot be as easily carried from adjacent houses. Moreover, in India there is generally a separate 
European quarter, which is as a rule built ow the most elevated site present. In Freetown none 
of these precautions have been adopted. In addition to the neglect of punkahs and mosquito-nets, 
the houses are small, crowded together, mixed with the bouses of the townspeople, and built in 
the lowest part of the town. Anopheles easily live in them, can bring in the infection from 
i neighbouring dwellings, and can feed uncontrolled on the occupants; while they find 
s pools suitable for them in the ditches by the side of the streets. 

On the ridge behind Kortright Hill there is a large plateau over looo feet above sea-level, 
and capable of holding the houses of all the Europeans in the colony. 

Serious attention ought to be given to this question of the houses of Europeans in the 
tropics. \i employh are sent at all to dangerous climates, it is the manifest duty of tbcir employere 
— whether these employers be the Government or private persons— to see that they are housed in 
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a manner most lilccly to preserve their^ health. If the nation wishes to mainuin colonies in 
intensely malarious localities, the least it can do is to protect its servants as much as possible from 
the disease. 

(3.) Surface-drainage of Freetown. — This is undoubtedly bad as a rule. The substitution 
of simple masonry gutters for the existing roadside ditches would probably have a corisiderable 
eifcct on the malaria. In some spots, however, it will be necessary to avert drainage from the hills. 

{4.) DisfHiial of night-soil. — As already mentioned, a system of pit-latrines is in use in 
Freetown. Not only does there seem to be little dysentery or enteric fever present in the city, but 
the disgustirig odours so frequent in Indian towns (where removal systems are adopted) are 
comparatively infrequent. In short, it is open to question whether this pit-system— which we 
have compared to a septic-tank system — is not preferable, if it can be adopted, to the ordinary 
Indian interception method. A pipe water-supply must of course exist at the same time ; and the 
subsoil water must be low. 

(5.) Filaria in Anopheles costalis.— In many of the Anopheles caught in the Wilberforce 
Barracks we" found Filaria. All the stages described by Manson, up to the final motile stage, 
were present. We add photographs of an earlier and a later stage — the former from a specimen 
considerably distorted by the preservative (formalin). 



J.^Filaria in AmpluUi coilaUi. Yoimg itagc, t,~Fihrit in AnefMa ttiulu. Ol.ler iti^. 

It is impossible to doubt that these parasites, like the Hxmamuebida: in the same insects, 
were derived from the soldiers ; but unfortunately wc were unable to obtain the blood of the latter 
at night for examination. One of us had previously observed F. nocturna in the tissues of AmpheUi 
fed on a patient containing the parasites [5]. 

(6.) Tumha-fly and TseUe-fly. — Wc found tliesc insects in Freetown. Accounts oi them 
will probably be published elsewhere. 
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(7.) Towards the end of our stay in Freetown, one of us was attacked with fever : H. 
pnecox being at once found in his blood. From the first there was no rigor. The fever was 
continuous, but disappeared (tc^cther with the parasites) on the fifth day, as the result of treatment 
with quinine. The drug was continued for six weeks, and no relapse has occurred. 

(8.) DislribHtim of Anopheles costalis. — It is always difficult, without elaborate study of 
perfect specimens, to come to sound conclusions respecting the species of gnats. So fer, however, 
as we could judge from specimens obtained from various parts of the West Coast, Anaphtles csstalis 
appears to have a wide distribution there. See, for instance, Strachan [27] and Fielding-Ould 
{Addendum II.]. We may even conjecture — pending more ceruin information— that it is the 
principal agent of the deadly West Coast fever. 

(9.) Use of the mteroiKpi for clinict)! purposes. — We beg earnestly to recommend that 
Laveran's discovery, which has now been made for twenty years, be used in medical practice in 
malarious localities. The microscope is called for, not only for diagnosis and treatment, but, in 
order to obtain exact information regarding the nature of the various fevers prevalent in warm 
countries— fevers which often cannot be differentiated by the symptoms alone. For example, we 
do not yet know the nature of black-water fever — a point which would probably have been 
decided long ago if medical men had more generally adopted microscopical methods in their 
practice. 

(10.) In conclusion, it should be strongly emphasized that many substances which have 
not the power actually of killing Anopheles larvse may yet be capable of rendering depressions in 
the ground uninhabitable for them for long periods. Common salt may be effective ; but the 
range of substances for experiment in this connection is very lai^e. It is to be hoped that such 
experiments will soon be made. 
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ADDENDUM I. 

Description of Two Species of Anopheles from IVesI Africa. 
By Major G. M. Giles, M.B., F.R.C.S., I.M.S. 

Owing to the sudden departure of Mr. Austen, late of iKe Liverpool Malaria Expedition, for the 
seat of war, I have been asked to draw up a formal description of the two species ai Anaphelts brought by 
the party from the West Coast of Africa. I should however mention that, having run over the specimens 
with Mr. Austen, 1 am indebted to him for many of the points specified, so that the description might 
almost be said to be a joint production. 

We are agreed in considering one of the two species as undoubtedly identical with Anepieks coitalit, 
Loew, originally described by him from Caffraria, but which now appean to have a wide distribution 
over, at any rate, a large proportion of the tropical and subtropical African littoral. The other spedesdoes 
not appear to have been previously described, and, at Mr. Austen's suggestion, has been named Amphelis 
fimeihu ip, n. 

The following are the descriptions of the two species in question : — 

Anopheles COStalis, Loew. — Wings with the costa interrupted by patches of darker and 
lighter colouration, but not generally dark ; the costa has the basal third dark with t^vo minute interrup- 
tions followed by three olher dark spots, the first of which is the largest, separated by smaller yellowish 
interruptions ; portions of the other veins are black-scaled, but the lighter tinted scales preponderate. 
Abdomen not distinctly banded, but with the hind border of the segments rather darker, especially in the 
male. Tarsi with minute rings, mainly apical, but involving also the base of the next joint. 

Description from Loew, Berlin Euf. Zeits, i86&,p. J J. 

" 9 Pale tinted, with the palpi black with white rings ; wings with uniformly black costal spots. 
Length of the body, i lines j of the wings, I'/n — ''U ''""■ 

Clay coloured. The two fint joints of the antenna; yellow ; remaining joints brownish. Palpi 
black, with a white ring on each of their joints. Thorax with a bright brownish longitudinal stripe on 
either side, and a distinct brownish line in the middle. Pleurx striped and speckled with pale brown. 
The hairs on the thorax, scuiellem, and abdomen entirely light yellowish. Legs yellowish brown ; the 
femora yellowish at the base ; all the outermost points of the knees and tibis of a yellowish colouration. 
Wings limpid, with pale yellowish, almost white-haired veins, with here and there patches of black hairs, 
so as to produce a characteristic marking of the wing ; of these spots the roost striking are four placed on 
the anterior border of the wing and not extending beyond the first longitudinal vein, and forming 
elongated black spots which alternate with clearer portions of the wing-border ; the spots on the remaining 
part of the wing are not so distinct, because, owing to the veins being placed further apart, they nowhere 
approach each other sufficiently close to admit of their black portions combining to form a noticeable 
spot. Habitat — Caffraria, South Africa." 
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In the examples collected on the West Coast, with the exception of the wings, the insect is » 
dark brownish grey rather than clay coloured. The palpi of the 9 have the apex broadly white, and 
there arc, in addition, two narrow white bands on the articulations : further, their scaly covering is rougher 
than in An. Juuitus. The legs are dark brown, somewhat speckled with yellow, especially beneath, but 
show nothing of the nature of a band, except on the tarsi. In the fore legs, these have the first three 
joints with apical bands, which involve somewhat (he contiguous bases of the nem joints : in the middle 
legs the first three ; and in (he hind, the first four joints have purely apical, narrow yellowish bands. The 
wings arc lighter than in An. /uuetfui, but have a larger proportion of dark scales than in jfii. reitU, aiii, 
or, to judge from his figures, than Ficalbi's fsfudsfictus and supet-picm. The i has the terminal joint ai 
the palpi with a dense tuft of hairs, which are brownish yellow internall}' and blackish externally: the only 
other ornament being a very minute ring on the articulation between the second and third joints, 

Mr, Austen further makes the following note : — Although this species much resembles Ah. pkm, 
Loew (described from two females from the coast of Asia Minor, opposite the island of Rhodes) in having 
the front femora thickened towards the base, I think it is undoubtedly distinct In the first place, it is 
much smaller (only i^ instead of 3 German lines). Then the two last joints of the palpi have an 
adornment of yellowish white scales instead of being brown ; and the wings have four dark blotches on 
the costal margin in place of three, and all are separate, whereas in Locw's species the first and second 
patches are joined together on the costa itself. Lastly, the legs differ, the tarsi being banded in cMalii. 

This species forms one of a group of closely allied species, including ^n./trfiw, Loew, An. luperpiclus, 
Grassi, An. niiii, miii. An. eanui. Walker, and some others, which agree in having the wings with the costal 
margin adorned with alternate dark and light spots, while the wing as a whole is not dark tinted. When 
closely examined, however, the details of the adornment of the wings, as well as that of the palpi and other 
appendages, afford sufficient points of constant difference to assure us that they are specifically distinct. 

The other (and new) species is much more darkly tinted, the white interruptions on the costa and 
other veins being so much smaller than the dark portions that it is fairer to call their wings black, with 
white spots rather than the reverse. In this respect it forms a link between the paler forms and the 
densely black-scaled wings of two species, also new, but as yet undescribed, which were brought back from 
India by Major Ross, and are now in the British Museum. 

Anopheles funestUS, sp. n.— Wings with the costa marked by interrupted darker and 
lighter colouration, the dark portions preponderating ; on the actual costa there are five interruptions, 
the two basal being connected by dark scales on the auxiliary vein ; there arc also white areas over 
the transverse veins, the stem of the posterior fork-cell, and the bases of the Jth and 6lh longitudinal 
veins. Abdomen unhanded, black. Tarsi uniformly black. 

5 General colouration black, with but little adornment. Head black, with a crest of scattered 
white scales ; eyes with a minute white margin ; proboscis black, a little paler at the apex ; antennae 
black, with scanty whitish verticils j palpi black, verj' smooth, with the apex and two narrow bands 
on the articulations white. Thorax black, clothed with white scales over the greater part of the 
dorsum. Legs black, the only relief being a scarcely perceptible paler knee-ring. Wings ornamented as 
above described ; the anterior fork-cell long, parallel-sided, with a short stem ; the posterior, much shorter, 
wider, and wedge-shaped, with a longer stem j supernumerary and middle transverse veins of fair 
length, in one line, the posterior, shorter and more than twice its length internal to it ; the scales of 
the internal fringe with minute white interruptions opposite the junctions of the longitudinal veins 
with the margin. Halieres with the knob black and the stem rather lighter. Abdomen black, glabrous, 
with very scattered white hairs. 

In the i there Is no obvious banding of the palpi, but the apex of the last joint Is grey, 
followed by 3 narrow black ring, and then by an even narrower pale ring, the rest of the appendage 
being of the same funereal tint as the rest of the body. The antennie are black with dense black 
verticils which, however, show a certain paler lustre in certain lights. The abdomen is black. The 
wings, though they resemble those of the 9 closely in ornamentation, differ somewhat in venation, 
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the anterior Tork-ceU being twice as long as the posterior, and its stem much the shorter, though both 
stems are rather long, while the posterior is ver}' short, and but little wider than the anterior. 

Length, excluding the proboscis, 2.6 mm. 

Habitat. — Freetown, West Coast of Africa. 

Owing CO the absence of ornamentation, the description of this species is nectissarily brief, but 
it will, I trust, suffice to distinguish it from any neighbouring species. 

G. M. GILES, M.B., F.R.C.S., Major LM.S. 



ADDENDUM II. 



Obstrvaticm at Freetown, Accra, and Lagm. 
By R. Fleldlng-Ould, M.A., M.B. 



\. SIERRA LEONE. 

In accordance with instructions I joined Major Ross at Sierra Leone in September last, and 
during the remainder of his stay there co-operated with him in his researches ; and later, when he 
returned to England, I continued the work of the expedition in Freetown. 

The habitat and "breeding puddles" of the Amfheki which had been observed infesting the 
Wilberforce barracks we had been unable to discover, and I determined to make further and more 
rigorous search through the surrounding country than had been possible hitherto. In this 1 received 
the valuible assistance of Captain Smith, RA.M.C. ; but, notwithstanding the most careful explorations, 
we were unable to lind any Anofhilis-\x&t\n% puddles nearer to the barracks than i,;oo yards. Those 
we found were more or less permanent pools in the crevices of rocks below Signal Hill ; and some 
others were found in Murray Town. 1 am inclined to think that these puddles are the puddles that 
supply the mosquitoes which infest the barracks. It has been observed that the Anopheles are only to 
be found in the barracks intermittently — that is to say, a swarm may be present for ttvo or three days, 
and then for a week no mosquitoes are to be seen. This fact, and the impossibility of finding any 
puddles nearer than a mile, I venture to explain by the hypothesis ihat the wind is an important 
factor in the matter. The prevailing wind blows over the puddles that I have mentioned in the 
direction of the barracks, and by its means, when favourable, the mosquitoes may be able to travel a 
long distance — quite contrar)- to their ordinary habits. 

In support of this view it may be mentioned that many facts are on record which seem to 
indicate that the poison may be carried to some distance by winds. Again, it has been noticed that 
of the two banks of a stream in a malarious drstrict, that towards which the prevailing winds blow is 
often the most affected. 

During the remainder of my stay in Freetown I was kept supplied by consignments of mosquitoes 
from the barracks, and I also obtained some from the houses of natives known to be suffering from 
fever. Dissection of these gave substantially the same results obtained by Major Ross. 1 include with 
these notes some dranings, made on the spot, of microscopical preparations, which show various phases 
of [he malarial parasite in the gnat (Plate IV.) 

Out of 29 AHopheks examined by me, six, or 18 per cent., gave definite parasites; while 17 
Cultx gave in every case negative results. 

I made experiments on the puddles at Freetown with both tar and kerosene as culicicides. 
Both these proved effectual as larva-destroj'crs, but the former is, in my opinion, likely to prove ihc 
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more successful ultimately. In the same street many puddles bearing larvx ivere treated — some with 
kerosene and some with tar. After 14 hours all were free from larvx. After a further interval the 
puddles were again examined ; with the result thai all the puddles treated with tar ivere stilt free from 
lanie, while many of those treated with kerosene contained hrvx. This result is due to the greater 
evanescence of the tcrcfsene film. 



II. ACCRA. 



c coast, about 15 feet above 
:rumbling rocks ; and on the 
I slight depression here and 



On October 18th 1 landed at Accra, and after being very kindly received by the Governor of the 
Gold Coast, who spontaneously offered me all the assistance in his power, I was fortunate enough to meet 
Dr. Chalmers, who kindly offered me quarters, and for whose hospitality and assistance in my work I 
cannot too warmly express my gratitude. 

Accra, a straggling town consisting roughly of four parts— native, commercial, official, and 
Christ iansborg — (vitie Map III.) is situated on a perfectly flat plateau ( 
sea level. From the level of the town to the sea-shore stretch broken 
other side, northward of the town, the country is absolutely flat (save 
there) for 16 miles, until the Aburi Hills arc reached. 

During my stay at Accra I was unable to find any puddles, and consequently jfnopie&i, notwith- 
standing a rigorous search throughout the entire district. To those who know the conditions under 
ivhich Amphelts were found at Sierra Leone this will not be 
surprising, for the conditions ai Accra are totally different ; the 
rainfall never exceeds 17 inches per annum, as compared with 170 
inches at Sierra Leone. Again, at Sierra Leone the geological 
formation is volcanic rock, whereas Accra is built on sand and 
gravel ; consequently the small rainfall is verj' rapidly absorbed bt' 
the porous ground. There arc no trees, and therefore there is no 
shade. 

I include here a chart showing the curve of the rainfall 
at Accra. 

It has been found that the number of fever cases is greatest 
during the second quarter of the year, that is to say, just before, 
during, and just after the period of greatest rainfall (r/^ chart). 
Another rise in the number of cases occurs in the last quarter; 
when again it will be noticed that the rainfall increases. At this 
time too the " Hannattan " blows, and there is a great fall in the 
temperature at nightfall. The increased liability to chill at this 
time no doubt, to some extent, explains the increase in the number 
of fever cases. I may say that during 1S99 the rainfall has been 
somewhat less than usual. 

Not onl}' was I unable to find any specimens of AnofAelei 
in Accra, but Dr. Chalmers, an enthusiastic entomologist, also 
had not seen any during the three months prior to my arrival. 
Other kinds of mosquitoes were present without limit ; and I 
seized ihc opportunity to examine as many of the CuUx species as 
possible. Fifty-two specimens I dissected, but in none did I find 
zygotes. Before deciding that Ampheki is never found at Accra, 
we must wait to see if they are present when the rains are at 
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their height, that is to say, in May or June. 

These being the chief facts which I obtained as regards the mosquitoes of Accra, < 
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naturally expect to find that malarial inlection was comparatively a rare event there. And thii is precisely 
what we do find. All my enquiries From local medical men and colonial surgeons led roe to believe that 
there had been no case of " original infection " for two and a half months before I arrived. During 
this time there had of course been " recurrent cases," though these had not been numerous— only thirteen 
among Europeans. These, I venture to say, are important points ; but I do not wish to lay too rouch 
stress on them, for I fully realize that it would be rash to draw too rigid conclusions from observations 
carried on over so limited a time ; but it is, in conjunction with facts observed elsewhere, at least 
significant of the influence of the mosquito in the propagation of malaria. 

It should be noted in this connection that all authorities, in each of the three Colonies that I 
had the opportunity of visiting, agreed that 1899 had been an exceptionally healthy year; so that 
probably the number of fever cases was below the average. 

Thanks to the efforts of the present Governor — Sir Frederick Hodgeson — the official population 
is now better housed : spacious and well -ventilated bungalows have been provided, and these have 
been removed nearly a mile eastward, so that the native town with its squalor and overcrowding is 
no longer the menace chat it was {fUe Map III.). On the other hand, many of the habitations of 
the commercial population are badly built and badly ventilated; some are still in close proximity to 
the native huts, and some to that part of the sea-shore which I shall refer to again as practically a 
public latrine. To improve the sanitary condition of the native town much has recently been done 
in some districts. A fire in 1896 burnt down many of the huts in one part, and afforded an opportunity 
of opening up the maze of squalor that previously existed. Broad streets were laid down, a partial 
system of drainage started, a stinking pool in the market place filled up and better housei built — with 
the result that disease of all kinds in this district diminished. Several districts remain in all their 
primitiveness, and similar treatment could not fail to bring about a marked improvement But the 
Government, though alive to its responsibilities in this matter, are handicapped by a want of 
money for the purpose, and also not a little by restrictions imposed at home by a mistaken and 
sentimental regard for what are called " native rights." Already so much has been done with 
good results that, in my opinion, advanced with the greatest diffidence, Accra is not the death-trap 
its reputation would warrant one to believe. This reputation has been built up partly by the many 
cases of sickness imported from the hinterland ; and to get a right conception of the general health 
of Accra it is necessary to draw a distinct line between the seat of government and the northern 
territories of the colony. I do not mean to say that it will ever become a health resort, nor do I 
think it would be wise to extend (as has been by some suggested, including the laie Governor, Sir 
William Maxwell) the length of the " tour " of service. The climate, quite apart from any specific 
disease which may there exist, has a definite reducing and depressing effect on European constitutions. 
However healthy a man may be on his arrival on the Gold Coast, sooner or later he becomes anxmic 
or dyspeptic, and often his nervous system is so affected that a condition of extreme 'irritability is 
induced ; insomnia often follows, and he becomes totally unfit for work. 

It should not be overlooked that the difficulty — often impossibility — of procuring fresh meat and 
vegetables is after a time a serious tax on any constitution, however strong. There is a widespread belief 
that alcoholism is rampant on the West Coast ; I may say here that, though I had good opportunities of 
judging, 1 did not find it so in any of the three Colonies I visited. 

That part of Accra known as the "native town" (r/o^ Map III.) needs further consideration here, 
in order to make it clear that what 1 have already said may not seem exaggerated, and that it is in fact a 
standing menace to the health of the community at large. 

In this part of the town there are no streets. Winding alleys, unpavcd, and so narrovi' that two 
persons cannot stand abreast, do duty for streets. These alleys have interminable ramifications, and form 
so complex a maze that it was found impossible by the surveying authorities to chart them. Numberless 
naked children disport themselves in these gutters, and many mang^' dogs are seen wandering about under 
no control. In addition to these, sheep and goats of a more or less unhealthy appearance roam the 
byeways. Filth of all sorts is found lying broadcast in the allej-s ; stinking garbage, decaying vegetables, 
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etc. ; and, to crown all, the natives wash themselves openly in the puddles they have made tor the purpose. 
The children for the most part use these bjeways as latrines. Mosquitoes abound, and the odour is often 
frightful. The huts arc made of mud roofed in with leaves. They are overcrowded to an appalling 
extent — 8 or lo persons often occupying a hut 9 or lo feet square. Scattered here and there through this 
district are groups of uninhabited, roofless and often ruined huis. These are used by the neighbouring 
families as places in which to discharge their refuse, and also as latrines. Every now and then one comes 
across a butt or other receptacle filled with stinking water, infested with mosquitoes, and infected with 
bacteria. The latter I was only able to examine microscopically. The former were all of the genus C^x 
— no Antphtks were found. A complete absence of an)' system of drainage completes what to a European 
eye is nothing but a noisome and a pestilential district. The danger of such neighbours to the white 
population is obvious, and some of the commercial community, as 1 have said, live very close indeed to 
those parts of the town. This danger is, 1 think, increased by the fact that the prevailing wind sweeps 
over and through these native dens before reaching the houses of the white inhabitants. Public latrines 
have been indeed provided by the Government on the sea-shore, but I am of opinion that these arc 
themselves not wholly without danger. Some are flushed by the sea ; but on October 10 two were 
entirely dry — and that on a day when the tide was of quite average height. Much of the open sea-shore 
is used as a public latrine too ; and it is easy to imagine in such a climate the condition of affairs thus 
brought about Any infective material deposited here is liable also to be carried by the prevailing wind 
straight to the European quarters. The problem of drainage and general sanitation is no doubt a very 
difficult one to solve in a place which is so fbt, and where there is no water supply (the inhabitants are 
entirely dependent on a scanty rainfall). But I venture to think much benefit would result from the 
running of broad streets through the congested districts of the native population, and the destruction of 
uninhabited houses. An attempt is made by the police to keep the streets in a clean and healthy 
condition ; but it is impossible to exercise anything but very incomplete supervision over these unlighted 
rabbit-warrens. All wandering ^op and other animals not properly looked after should be destroyed, for 
that there is a possibility of their carrying diseases I do not think anyone is inclined lo deny. I am 
disposed 10 think that the sea latrines should be done away with, and earth -to-earth land latrines 
substituted. These latter are used with complete success in some parts of Lagos, though there too there are 
some latrines open to the lagoons. 

The suburb of Christ iansborg shown on the map has no such plague spots as 1 have described in the 
native town of Accra. Here there arc broad streets, well kept, and for the most part clean ; the houses are 
not crowded together, and there is a fairly complete system of drainage. The drains are open, wide, and 
made of cement. Between this suburb and Accra there are a few acres devoted to surface pools, which the 
natives enclose to catch the rain for various domestic uses ; and on these pools they are entirely dependent 
for their water supply. Some contained mosquitoes (all CuUx, no Ampkeles), various weeds and algx ; but 
were sweet and clean for the most pare. 

It may be surprising that so near Accra a suburb with the above characteristics should exist ; but it 
is easily explained; Christiansborg Castle was atone time the Governor's residence, and Christiansborg 
itself the seat of government. At this time some thousands of pounds must have been spent to produce 
the good result 1 have sketched above. The present Governor is doing everything in his power to improve 
sanitation in Accra, and though, as 1 have said, he is hampered in various ways, slowly but surely an 
improved state of things is shoeing itselt. 

The authorities and West Coast medical men generally are now fully awake to the fact that all has 
not yet been done that may be done to improve sanitation, and in the next few years 1 anticipate a definite 
improvement in this respect, and also a greater activity in scientific medical research. At present any 
research is carried on under almost disheartening difficulties. Instruments rust, microscopes and other 
lenses become cloudy (even the cover glasses and slides which I took out with me became useless), and 
bacteriological research is quite impossible under present conditions. 

Now, however, I think I may say a new epoch is about to begin in the scientific study of 
diseases prevalent on the West Coast. The Government of the Gold Coast has sanctioned a preliminary 
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expenditure of j^joo for the lonnation of a medical research laboratory' at Accra, and before I left 
1 had the pleasure of seeing the building almost ready and fit to receive it$ scientiHc equipment. Much, 
too, might be done, I venture to suggest, throughout the Colony in this direction. At present no 
facilities — not even microscopes — are provided for the assistant or Colonial surgeons on duty in the 
hinterland. When one considers that by the microscope we are alone able to diagnose malaria with 
certainty, this complete absence of proper instruments is not only appalling, but incomprehensible. 
In this connection I may say that there is reason to believe that many cases are wrongly attributed to 
the malaria parasite, and earnestly treated with quinine. Were it feasible, though for certain political 
reasons it may not be possible, 1 think better results would accrue if each assistant Colonial surgeon 
had a definite district assigned to him with a permanent headquarters, where he might, with a small 
outfit of scientific apparatus (at least the microscope, which he is at present without), do much good 
work in the interests of tropical medicine. The Colonial surgeons are at present so continuously 
travelling (often unavoidably, no doubt), that to expect any scientific work would be ridiculous, But I do 
not think that a central research laboratory at Accra — receiving films of blood, pathological specimens, etc., 
for examination — will entirely meet the case, especially in a climate where morbid specimens so rapidly 
change their character. There is already a well-appointed and well-managed hospital at Accra, open 
for the reception of white and black alike ; and here, too, improvements are being made. 

There Is no doubt that at Accra the greatest desideratum is a proper water-supply. Up 
to the present time, though borings in every direction have repeatedly been made, no water fit for 
drinking purpose^ has as yet been discovered. Rain-water can alone be obtained, and must be stored 
in tanks for long periods — during which time it runs great risk of contamination, though every care 
be taken. A scheme is on foot to bring water from the Aburi hills, z6 miles away, at the cost of 
over ;^ioo,ooo. But considering the great expense of this, and the great hindrance to all forms of 
business caused by the short term of service imposed by the climate, it is surprising that only during 
the last year has the possibility of moving the whole community to Aburi been mooted. 

Parasites were not found in any out of 47 Cu/ex examined by me at Accra, 



111. LAGOS. 

I proceeded to Lagos, and arrived there on October 17. The Chief Medical Officer of the Colony 
(Dr. Henry Strachan) offered me quarters ; and for the great hospitality he showed me during the whole 
of my stay I wish here to express my sincere appreciation and gratitude. Lagos is the largest town I 
visited. It has roughly 7S,ooo inhabitants, of which about ijo-ioo are Europeans. Any estimate of the 
population is necessarily only approximate, because the taking of the census is the signal for a general 
exodus of the natives for the buah. The town itself is built on an island surrounded by lagoons (eitie Map 
IV.). The highest point is 19 feet above the level of the water, while, on the other hand, several parts are 
actually below sea-level. The island consists geologically of sand deposited on the top of mangrove 
swamps i and borings reveal the existence of alternate strata of sand and decaying vegetable matter. The 
swamps (shaded on the map) are seen to almost entirely surround the island. These evil-smelling 
quagmires consist largely of mangrove trees and black mud — the latter has a peculiarly offensive odour, due 
chiefly, I think, to the evolution of sulphuretted hydrogen gas. Under the microscope I found this mud 
to consist chiefly of sand and decaying vegetable matter : many protozoa also were present. The 
Europeans live almost entirely in one limited part of the town, their quarters being stretched out along 
the edge of the south-western lagoon (cWf Map IV.). They are therefore, it will be observed, 
surrounded on two sides by swamp and lagoon, and on the other two sides by native habitations. These 
latter I need not describe, as ihey bear a general resemblance to those existing at Accra. 

The geological formation of Lagos being such as I have described, it is not surprising that puddles 
suitable for the breeding of Anopheki are plentiful The island may almost be said to be one immen« 
puddle ; for the ground everywhere lends itself to the formation of small collections of water and mud on 
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1 of the slightest rainfall. In this respect the contrast presented between Lagos and Accra 
cannot fail to be noticed. Annphelei I found to be so widely distributed that it was impossible for mc to 

make any distinction in favour of one part of the town as compared with another. In everj' native hut 

in all European quarters — in Government House — even in the hospital — I never failed to find some 
specimens. My search for parasites was not equally successful ; for, although I dissected 37 specimens, I 
was only in one able to satisfy myself of the presence of zygotes,' 

During my stay at Lagos there was verj- little fever ; onl)' two cases were admitted into hospital, 
and no out-patients presented themselves for treatment. The blood of both these patients I examined ; 
but no parasites were present, though the examination was made on more than one occasion. This did not 
however surprise me, for both were mild eases, and had been taking lai^ doses of quinine for six da)s 
before admission. Jnsfifirt caught in the wards, and others " fed " on these same two cases, gave also 
negative results. 

The single specimen in which I found zygotes was caught in a native (Hausa) hut ; but I 
was unable to trace the cases, and so failed to obtain other specimens. I also, at Lagos, dissected 17 
specimens of Citltx ; but, as at Accra, these invariably gave negative results. The problem of how 
best to deal with the Am^heki and their breeding-places is a peculiarly difficult one at Lagos. The 
peculiarities of the soil, and the extreme flatness of the island, render it impossible, in my opinion, for 
drainage to be an effectual solution. For similar reasons, and also on account of the universal prevalence 
of the mosquitoes — Am^heles — it docs not seem to me likely that the application of kerosene or tar to 
the puddles will be altogether a successful method. In some few places an attempt has been made to 
drain marshy ground into the lagoons, and occasionally this has no doubt done good; but, taking the 
town as whole, this is not feasible, and some other method of extermination must be devised. The 
Government, if I may say so, have certainly been acting in the right direction by filling up some of the 
more aggressive mangrove swamps with sand ; but this is necessarily a long and tedious business, and 
at the best, only a portion of the evil can be treated in this way. 

In these swamps, as also at Sierra Leone, I looted for AnopktUs, but in neither place did this 
particular genus seem to frequent them. Both drainage, as far as it is possible, and the application of 
kerosene would no doubt do something to Improve matters; but until some further measures can be 
devised, the people of Lagos must rely chiefly on the general and less direct means that were recommended 
at Sierra Leone, e.g., the intelligent use of mosquito-nets and blinds, etc. — of both of which there is 
at present a surprising absence. 

The "Rest-House," which is used as temporary- quarters for Government officials, I found 
swarming with AnopheUi ; and I was able to obtain particulars of several cases of malarial infectioti 
occurring there. Before my arrival, and indeed before the mosquito theory had been brought prominently 
forward, several officials dated their fever from nights spent at this " Rcst-House " among hosts of what 
everyone recognised as a peculiarly vicious variety of mosquito. I am now referring to several well- 
authenticated cases, the details of which Dr. Strachan is, I believe, about to publish. From a con- 
sideration of these cases one is led to the conclusion that malaria has a definite incubation period of 
from 7 to z I days. 

I include here a chart which shows the rainfall, sub-soil water, and fever curves in Lagos for 
twelve months. It will be seen that these curves are as nearly as possible coincident, the maximum 
number of fever cases occurring a little later than the point of highest sub-soil water. It is impossible 
to suppose that this is a mere casual coincidence, and that the two curves have not a definite relation to 
one another. The bearing of these observations on the validity of the mosquito theory is obvious, 
for we know that the AnopAelfi are most prevalent when the sub-soil water is highest. 

It has often been observed in many parts of the world that the upturnings of earth, and 
excavations generally, were accompanied by an increase of malaria ; it is certain that the turning up of 
soil will aggravate the manifestations in districts where malaria is permanently endemic. This has also 

* This can be iltribulecl to the gnad DOl hiving become prevloutty inftcled from patienti. 
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been observed in West Africa, and especially by railway 
ihan any other section of the white population. I was 
ground that [he upturning of earth caused an increasi 
Governor, Sir William Macgregor, M.D., K.C.M.G., i 
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Railway from Abuteraetta to Aro, I eagerly seized the opportunity. I found that the railway track 
entirely a made track, and that to provide the soil for embankments, etc., many excavated pits had been 
made. In tome places, for a mile or more these pits remained gaping at intervals of about twenty yards. 
In all that I examined there were puddles of varying depth and size, and without exception these puddles 
contained AmpktUs larvae. This is, to my mind, a point of great interest and importance, and may 
entirely explain why in West Africa, at any rate, railway engineen and officials are peculiarly and pre- 
eminently exposed to malarial infection. 

Throughout the West Coast malaria is ever before 
men's eyes as an inevitable evil which all must suffer at some 
time or another ; and the result is that any rise of tempera- 
ture is immediately diagnosed as malaria, and rigorously 
treated with <]uinine. I saw at least one case in which a 
lady sulFering from a typical attack of pneumonia (temp. 
10+° F. i dyspncra, complete evidence of consolidation, etc.) 
was diagnosed as malaria, was treated with quinine, and was 
going to the bad. Fortunately a medical man, comparatively 
new CO the coast, with a mind open and not befii^gcd by 
coast tradition, was called in, and a correct diagnosis made : 
the lady recovered with a tj'pical crisis. 

This is a glaring instance of the tendency on the 
coast to diagnose any rise of temperature, be it heat insola- 
tion, pleurisy, rheumatism, or even constipation, as malaria. 
The absence of microscopes, and the apparent want of belief 
in the advantage of microscopical invesrigation, is responsible 
to a great extent for this state of affairs j but traditional 
ideas born before the discoveries of Lavcran still hold sway, 
and cannot wholly be exculpated. 

It is noteworthy that black-water fever occurs at all 
periods of the year; and, as far as I can judge, its curve 
of incidence bears no relation whatever to any of the three 
curves on the chart. Black-water fever occurs chiefly among 
two classes of the European community, viz. — 
(tf) Roman Catholic priests and nuns. 
(i) German commercial community. 
Investigation shows that the connecting link between these 
two classes, and the fact that disringuishes them from other 
classes, is that they are the most overworked, the worst fed, 
and, as a general rule, obuin the least leave to Europe. Some never leave Lagos. 

I was informed that black-water fever is becoming more frequent in West Africa, but that its 
virulence is distinctly diminishing. As in the ease of malaria, microscopical examinations of the blood 
in black-water fever is the exception rather than the rule, but I never met any medical man in West 
Africa who had been able to demonstrate blood-parasites in these eases. From a consideration of these 
facts I am inclined to think that black-water fever will one day prove to be a fever sui ^eris, and wholly 
unrelated to the malarial parasite. 

In Lagos, again, as in the Gold Coast, I venture to say that the disinterested acrivity of the English 
Schools of Tropical Medicine is bearing good fruit. Before I left I heard that 15 microscopes had been 
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ordered for the use of the sargeons in the Colonial service. A laboratory for research is also being built, 
and cannot fail to do good work. In the hinterland, too, facilities for microscopical investigation are i>eing 
provided. 

There remains the water supply of Lagos to be mentioned. The absence of a proper water supply, 
as in Accra, must necessarily bear its share of responsibility for much of the unhealthiness that obtains. In 
Lagos, again, the people arc dependent on the rainfall alone for their supply of water. 

The rainfall in Lagos amounts on an average to 70 inches per annum, and must be stored in tanks 
for use during long periods. The risk of contamination is great, and until lately no great effort was made 
to keep the tanks in good order. Recently, in consequence of the recommendaiiona of the C.M.O., a 
better state of things has been inaugurated, and every effort is now being made to keep the tanks clean and 
free from vegetable growth and mosquito larvx. Public latrines are provided by the Government Some 
are open to the lagoons ; others, the most sanitary I think, are earth latrines ; and it would be well if more 
of the latter were provided, and those open to the lagoons closed. 

I should have mentioned that there are in places shallow surface wells from which the natipts obtain 
most of their water : into many of them the sub-soil water drains, and their use can only be viewed with 
suspicion. 

The hinterland is in many parts healthy, many districts affording high lands and good water, where 
white men could live in perfect security. It was suggested by the late governor. Sir William Macallum, 
that the seat of government should be removed some twelve mites up the railway from Abutemetta. This 
should present no insuperable difficulties, and would be an untold benelit to the Government oflicials, who 
form at present a large proportion of the white population of Lagos. 
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DESCRIPTION OF THE PLATES. 

NOTE. — Plates /., //., and III. csniisi of piatogri^ii taken mostly from unstained preparations 
preserved in formalin. Formalin accentuates the oulline of the z,ygptes ; on ike other hand, a small amount of 
detail has been hit in the collotype process. Hence the reiuh is that the phutop-aphs show the parasites almost 
exactly as they are seen in fresh preparations of the tissues of the gnat, except that the ff-anules of melanin 
do n9t come out with sufficient clearness in all the fffirei. None of the photoff-aphi have been in any way 
retouched ty hand. 

PLATE I. 
Figure 1 { X 50(J). — Very small zygotes of Hamameeba relicta attached to stomach wall of Cu/ex fatigans. 

The melanin has become enlat^ed by ihe formalin. Coloured. 
Fiffire i {'t Soo), — Very small zygotes of//, relicta attached to stomach wall of C. fatigans. Unstained. 

The melanin is of the natural size. 
Figure 3 (x 500). — Very small zygotes of H. vivax attached to stomach wall of uinefheki costalii. 

Unstained. Melanin scarcdy appreciable in the collotype. 
Figsre 4 ( x joo). — Very small zygotes of H. malaria in A. funeitus. Unstained. 
Figure 5 (x-joo). — Small zygotes of Hamomenas pracox in A. costalis. Unstained. 
Figutr 6 ( " ;oo). — Small zygotes of H. malaria in A. costalis. Unstained. 

PLATE n. 

Figure 7 (x 500). — Larger zygotes of H. relicta in C. fatigans. One well shown protruding into the 

body cavity of the host. Unstained, 
Fipire 8 (« joo). — Still larger zygotes of H. fit-ax in A. costalis, showing great delicacy of the outline. 

Unstained. 
Figure 9 (x 500).— Medium sized zygotes of one of the human species in A. costalis. The focal plane 

is taken through one of the blastophores (in the middle of the zygote). The blasts are already 

nearly mature. Unstained. 
Figure 10 {X 500). — A zygote of H. relicta about two-thirds of the full size, protruding into body cavity, 

and containing blasts which are already nearly mature. Unstained. 
Figure 1 1 ( x 500). — A full-sized zygote of H. relicta full of mature blasts, many of which are seen to be 

packed side by side (near the lower margin). Unstained. 
Fipire 1 1 { X about 60). — Stomach of C. fatigans with mature zygotes of H. relicta, as seen by a low power. 

Coloured. 

PLATE in. 

Figure 1 3 { X soo)- — Mature zygote of H. relicta full of blasts ; and also capsule of another (to the left) 

containing " black spores," Unstained. 
Figure 14 (t about 400), — Blasts and "black spores" of H. relicta in C. fatigans, apparently ejected 

together from the capsule of a zygote. Unstained. The "black spores" do not seem, to be 

Fipire 1 5 ( " 400). — Blasts of H. relicta lying free in the juices of the thorax of C. fatigans. Unstained. 

Many lie in perspective. 
Fi^re 16 {*■ 500). — Four blasts of ff. relicta in juices of C. fatigans, dried and stained. 
Fi^e 17 (X 500). — Blasts of H. relicta, dried but not stained. 

Fipire 18 (x about 400). — Blasts of one of the human Hxmamtebidx in the salivary gland of .^. costalis. 
Unstained. The blasts are closely packed within the salivary cells, and also lie outside the cells, 
within the capsule. 

PLATE IV. 
Drawings, by Dr. Fielding-Ould, of the Hasmamdbidac found by him in Anopheles in Sierra Leone. 
Figures 1-9. — Zygotes — apparently of W. vivax. 
Fipire lo, — A zygote discharging blasts. 
Figiire 11. — Individual blasts. 

PLATE V. 
Drawings of Anopheles costalis and Anopheles funesi us. Made at the British Museum. 
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AnopheUi eoslalis. Anopheles coslain 



Anoplules fitmitus. 

9. 
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